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FOREWORD

Numerous persons have contributed to the inception and completion
of this volume. Mr. John W. Chaffee, at one time a member of the Anthro-
pology Section, conceived the idea of a compendium of data in Biomechanics,
purely for Section use, such reports being widely scattered and often in
journals not easily obtained. The editor expanded the idea to include the
whole field of Applied Physical Anthropology for which Anthropology Section
is responsible. He monitored Contract AF 33(616)-2353, and later AF 33(616)-
2845, with H.L. Yoh Company, Philadelphia, Pennsylvania, and ecritically
reviewed the entire manuscript.

The editor is deeply grateful for the labors of all who participated.
Messrs. Robert Hansen and Douglas Y. Cormog, and other members of the H,L.
Yoh Company, who researched the literature and wrote the manuscript, deserve
great credit for their work. The entire staff of Anthropology Section dur-
ing this period also assisted in the project as they found time. Milton
Alexander, Irvin Emanuel, Frank P. Sail and Capt. Franklin Van Wart, then
a member of the Section, all took part in the reading of the rough-draft
manuscript or assisting in the numerous administrative matters of the con-~
tract., James T. Barter spent nearly full time for several months in helping
to guide the authors as they progressed. All made helpful suggestions that
are incorporated in the final draft. Horace B, Clark spent many dedicated
hours preparing illustrations and readying the manuscript for actual publi-
cation, ,

The text of this report has been carefully checked, and all tables
have been double-checked. Nevertheless there must still be some mistakes.
The editor will welcome any corrections or comments by the readers.

Many of the Air Force reports referenced in the bibliography are avail-
able to the general public at nominal cost from the Office of Technical
Services, Department of Commerce, Washington 25, D.C.
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ABSTRACT

This volume contains condensations of 121 reports in the field
of Applied Physical Anthropology. A majority of the annotations are
grouped under three headings, Anthropometry, Biomechanies, and Com-
fort; a few are included in a General Group. Working data and impor-
tant illustrations are quoted directly from the original papers in
most cases. A complete index is arranged by author as well as by
subject. An additional list of reports (not annotated) is included
ag background material. Two appendices containing relevant commen-
tary on Seating Comfort and Anthropomorphic Dummies, are also included.

PUBLICATION REVIEW
This report has been reviewed and is approved.

FOR THE COMMANDER:

EDWARD L. COLE

Lt. Colonel, USAF

Asst. Chief, Aero Medical Laboratory
Directorate of Laboratories
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INTRODUCTION

H.T.E, Hertzberg

The fitting of tools to man has occupied designers to some degree
since earliest times., These centuries of experience in custom fitting,
however, have not hitherto produced organized body-size date for general
use, Hence, in the modern proliferation of technology, the designer's need
for accurate and up-to-date informstion on the human being appears more
acute than ever before.

In today's technology, the concept of efficiency in machines has been
vastly developed. Machines must not only run, they must show how well they
are running. Thus instruments and other indicators of operational efficiency
are considered essential in machines, and space is routinely provided for
them. For easy interchangeability, components and assemblies are mass-
produced to close tolerances. Finished machines of a given type roll off
the production line, alike as pins, each highly effective for its purpose.
This state, until recently, has been considered by many designers to be
the last in their responsibility. But todey we realize that every machine
mst somehow be teamed with & men; and the question now is, will each man-
machine team operate at the peak efficiency of which the machine itself is
capable?

The answer is: not necessarily. Although machines can be virtually
identical, men are not, and their great diversity in dimensions and physical
performance has not been charted nor even comprehended in & scientific sense
until recent decades. But man, though highly variable, does vary between
observable 1imits. Those limits, and the distributions of body size, pro-
portions and strength, mst be fully learned as & first step in raising the
team potentiality to the level of the inherent efficiency of the machine
itself.

The present report, accordingly, outlines some of what is known of the
variations in body size (anthropometry), and of muscle strength and bodily
structure (biomechanics) in the U.S. population; and it points out some
means of decreasing man's discomfort and fatigue -- both important sources
of human inefficiency.

- Before proceeding to this task, however, it is well to sketch briefly
the broader meanings of the terms introduced above, Anthropometry (the
measurement of man) is the theory and practice of taking bodily dimensions
by suitable instruments, and the orderly treatment of the resulting data.

The practitioners of this science are usually specialists trained in the
sti11 wider field of Physical Anthropology (the study of man as an animal,
including man's origins, his relations to other primates, and the differences
in metrical and morphological traits among the living humsn varieties).
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The term, Biomechanics, is used in the Air Force to denote the study
of the human body as a dynamic solid. The muscle strength that a man can
exert a8 a prime mover is an important part of this field. The mechanical
properties of the body, such as the masses of bodily segments, the locations
of centers of gravity of the segments and of the body as a whole, the mobility
of segments -~ all these and more are included. The data presented under
this heading have been drawn from research in anatomy, anthropology, ortho-
pedics, physiology, and other biological and medical sciences, for the use
of designers,

When allowances have been made for both body size and muscle strength,
will the resulting workplace be satisfactory? Meny designers in the past
have thought so, but experience teaches that yet another aspect of the man
mist be considered -~ his comfort. To some persons the word comfort may
imply & pleasurable state transcending normel well-being; but that state is
unusual and it will be neglected here. For ordinary Air Force purposes the
term comfort may be defined simply as the absence of discomfort, just as
cold 1s the absence of heat, The study of comfort, still in its infancy,
is a study of elusive subjective factors, which may be made reasonably
objective by statistical treatment. It is a field that is becoming increas-
ingly important as personal equipment becomes heavier and covers more of
the body, and must be worn for longer periods of time. The numerous factors
that may cause compressional discomfort cannot be discussed now, but two
important principles can be stated here:

l. the length of time that & sampling of subjects can endure &
given body condition is, up to now, the simplest measure of
the degree of discomfort it causes them;

2. an uncomfortable man tires, and hence becomes inefficient, more
rapidly than & comfortable one,

In some circumstances, the degree of discomfort may spell the difference
between life and death, At least in aircraft, human inefficiency from any
cause is too costly in machines and highly-trained men to be tolerated. It
is importent to discover and eliminate the sources of discomfort in aircrafi;
but even much ground equipment design -- such as many types of vehicular
seats and work areas —- mey well receive additional attention.

This report has been compiled to call attention to some of the data
available for application to problems of design. A major difficulty lay in
the choice of what to Include. The authors emassed a bibliography of about
a thousand titles, from which this material (probably less than 10% of the
literature) was chosen primarily according to its usefulness in helping solve
Anthropology Section problems. Some major works, however, have been annotated
either briefly or not at all, because of the very breadth of their coverage,

or for other reasons.
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GENERAL

1. Damon, Albert, and Francis E. Randall. Physical Anthropology in the Army Air
Forces. American Journal of Physical Anthropology, New Series, Volume Z, Number 3,
Beptember 19L4l;, pages 293-316.

This article describes in general terms the anthropology program of the Army Alr
Forces conducted at the Aero Medical Laboratory, Wright Field, Dayton, Ohio in 1943
and 194lis The history of the military applications of the discipline is briefly
indicated. The conduct of body size studies and other surveys is described. The
final sections of the article are devoted to a consideration of applications of
anthropometric data to a wlde variety of problems of military aviation.

The article is 2% pages longe. There are three figures. Thres bibliographic
references are glven. -

. . 2. Hertzberg, H.T.E. and Gilbert S. Daniels. Air Force Anthropology im 1950.

Amerjcan Journal of Physical Anthropology, Volume 10, New Series, Number 2, June
1952, pages 201-208.

The article reports certaln activities of the Anthropology Unit of the Asro
Medical Laboratory at Wright-Patterson Air Force Base in 1950 in carrylrig out its
responsibility to provide information on human dimensions, human muscle strength,
and human comfort. In the dimensional field, the conduct of the Anthropometric
Survey was the main activity, the survey being based on flying personnel (W = 1050),
132 measurements and four somatotype photographs being obtained on each. In the
field of human strength measurement, one problem investigated was to determine not
only the strength of pilots but also the most efficient angle at which the muscle
force could be applied in the cockpit in operating foot pedals. The study of human
comfort involved projects on "the prone position bed for pilots, the supine seat for
pilots, and the control stick grip development for fighter airplam es."  Future plans
of the Unit include basic research on the body as a mechanical structure. The arti-
cle encourages young men to consider the field as a life work and emphasizes the
need for heads of academic departments to see the applied aspects of anthropologlcal
regearch in a favorable light.

The paper is seven pages long including two photographs and three bibliographloe
references. There are no tables, figures, or data. :

Additional reference: Hertzberg, H.T.E. Post War Anthropometry in the Alr Force.
American Journal of Physical Anthropology, New Series, Volume 6, Number 3,
September 1948, pages %63%-371l.

%, King, Barry G. Measurements of Man for Msking Machinerye. American Journal of
Physical Anthropology, New Seriles, Volume 6, Number 3, September 1948, pages 341-251.

This article deals with the relation of the biologist to the engineer. "Bio-
technology"” can supply the engineer with gquantitative descriptions of man such as:

"). The maximum arm reaches which can be attained by man without altering hls posi-
_ tion or posture. These measurements constitute a reasonable basis for establishing
 the maximum boundaries of the working area for the operation of manual controls.

Manuseript submitted by the authors in September 1956 for publication as a WADC Technical Report.
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"2. The extension of these reaches which can be attained by movements of the trunk
or body. Knowledge of such measurements may be required for special cases in new
design, or for formulatlion of expedient measures in current models where the possi-

b1lity of structural change is precluded.
"3, The eye level of men in the operating position.

", Dimensions of the body in the operating position, l.e., stature or sitting
height, and antero-posterior and lateral measurements at various levels.

5. The leg reaches which can be attained without altering the position of the body
or dlsrupting body posture.
"6. The direction and degree of movement of the various articulations which can be

utilized for the operation of controls at a blomechanical advantdge to apply the
necessary force efficlently and to attain the necessary degree of precision of

movement.

7. The position of the body to minimize distracting discomfort."

The author discusses the applications of such information to problems of cockpit
design.

The article is 10 pages long, contalning two tables shown here, three figures, and a
four-item bibllography.

See also: King, Barry G., Dorothy J. Morrow, and Erwin P. Vollmer. Cockpit Studies
-- The Boundaries of the Maximum Area for the Operation of Manual Controls. Report
No. 3, Project X-651, Naval Medical Research Institute, National Naval Medical

Center, Bethesda, Maryland, 15 July 1947.

TABLE 3 - 1

The maximum distance (inches) at various points in the boundary area for operation
of manual controls which can be reached by 97.73% of the population at each position
and 92.9% of the NMRI series at every position; N = 139 (From King, Morrfow and

Vollmer, '47)

LEVEL (INCHES) ANGLE (DEGREES)
ABOVE SEAT
REFERENCE POINT 0 R15 Ra5 R75
46 11.6 13.7 15.0 17.0
40 18.9 20.5 224 24.1
34 22.9 24.9 26.6 28.0
28 25.5 27.1 29.1 30.1
22 26.7 28.2 30.3 314
16 26.6 28.0 29.7 31.6
10 25.3 27.0 29.3 30.4
4 22.6 24.2 26.4 27.9
—2 17.5 19.7 21.8 22.8

Notes:s Distances for right arm reach are measured from the vertical line through the
reference point with the subjects! shoulders touching the back cushion; seat back 13
degrees from the vertical. R15C stands for 15 degrees to right. Reach for left arm
can be outlined by using above measurements at corresponding points to the left of

0 degrees.
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TABLE 3 - 2

Location of aircrayt controls in the Martin £02; extension of shoulder harness required for a particular pilot to reach controls

ARXA AND CONTROL n:;i‘;;i%;m‘;:w 1 ,:’,f,?: ’;: l’:&i‘iﬁ;g: :F?Q}:,?;{SDU :g,f“
Horizontal Vertical LEFT 2 MOVEMENT OF PILOT “SM1"
inches inches inches
Area 2. Control pedestal — upper half
Right tank selector 42 +6 R-33 151
Ignition 393 +5 R-27 133
Over-ride 443 +5 R-35 16}
Area 3. Control pedestal — lower half
Aileron trim tab. 24} —4 R-72 0
Area 4. Main instrument panel
Altimeter set 38 -+ 133 R-4 9%
Belector valve for air speed 38 + 91 R-3 9%
Area 5. Instrument panel — upper portion
Windshield wiper 423 + 234 R-20 12%
Instrument lights 40 + 233 R-31 9
Area 6. Overhead instrument and switch panel
Emergency shut-off fuel, oil, hyd. to rt. eng. 341 + 38% R-60 10
Area 7. Bide control panel
Mike selector 36 -+ 6} L-15 9}
Trans. selector switches 36 + 43 L-15 831

* Pilot seat at mid-horizontal and mid-ventral adjustment.
*Midline of pilot’s body (midsagittal section) at zero degrees.
* This pilot’s arm length ia indicated by his sleeve length: 32 inches.

. Le Gros Clark, W.E. Physical Anthropolngy Applied to Problems of War. British
Medical Journal, Volume I, 12 January 1946, p. 39.

The nesed for "fitting the machine to the man" 1s discussed with especial refer-
ence to war conditions and the personnel who did this type of work in Creat Britain.
The appllication examples include location of optlcal instrument eye-pileces and seat
design. The seat design requirements are noted as: "(1) It must allow the operator
to maintain a sitting position for periods of duty up to four hours without undue
discomfort and fatipgue. (2) It must permit maximum stabilization of the body while
keeping the arms free to manipulate handcontrols and without restricting the mobilli-
ty of the neck and upper part of the spine for sighting movements. (3) The seat
level must be adjustable in relation to both the level of the binoculars and the
level of the foot-rest, so as to accommodate individuals of different body dimen-
sions. () It must combine lightness with mechanical strength. (5) It must stand
up to very severe usage and be weatherproof." The article notes that "...there is
no doubt that the ideal seat should be flat, but covered by padding which has a de-
gree of elasticity sufficlient to distribute the weight of the body over as wlde an
area as possible surrounding the ischial tuberosities while at the same time allow-
ing the maximum pressure to remain concentrated over the tuberosities themselves."
The back-rest "must provide support for the upper part of the trunk (taking some of
the welght of the body in the relaxed position), it must be accurately placed so
that counter-pressure from the feet in body stabllization c¢an be most effectively
maintained, and 1t must allow free mobility to the thoracic and cervical spine."
The rest should be pivoted, must accommodate the wide back and the individual in
heavy arctic clothing. Body stabllity 1s essentlal for accurate work.

"The research organizations developed during the war for the study of anatomical
and related problems have proved their worth by the fact that in a comparatively
short space of time they have led to qulite a number of significant advances In prac-
tical and theoretical knowledge. But the continuance of research In peace-time at
the rate and rhythm which it manifested in the last war depends on several factors.
It depends on the availability of research personnel of high calibre, imbued with a
community spirit comparable with that which characterized the research worker of the
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war, on flnanclal support of the most generous kind, and on a directorate which not
only ensures adequate coordination of workers in widely different filelds of science
but 1s also capable of supplylng the inspiration necessary for successful team-work."

This article is four pages long. There 1s no bibliography and no figures or
tables are given.

5 Mayo, A.M. Deslagnlng the Cockplt to the Man. American Aviation, Volume 17,
No. 3, 6 July 1953, pp. 23-26 and No. L, 20 July 1953, pp. 48-53.

This article discusses the various aspects of alrcraft design where "Increased
Inzenulty must compensate for human limltations, row the weak link in the ailrcraft
design chaim.” Subjects noted include: (cockpit) size, data presentation, control
systems, personal equipment, protective clothing, vision problems, acceleration and
temperature, noise and vibration, radiation meteorites, control of forces, especially
as related to escape systems.

The six illustrations Include a graph of pilot endurance of acceleration, a chart
of human reaction time in relation to high aircraft speeds, a chart of pilot bail out
limlts and charts of meteorite penetration factors and probability of being struck by
meteorites. The article presents 1ittle data, other than that in the charts and
graphs, and no source references or bibliography. The articles are noted as being
"the first portion of a paper entitled 'Engineering the Cockpit to Man,' presented at
a recent symposium on “Frontlers of Man-Controlled Flight' under the auspices of the
University of California and The Institute of Aeronautical Sciences by A.M. Mayo of
Douglas Alrcraft Co."”

6. McFarland, Ross A., Albert Damon, Howard W. Stoudt, Alfred L. Moseley, Jack W.
Dunlap, and Williem A. Hall. Human Body Size and Capabilities in the Design and
Operations of Vehicular Equipment. Boston: Harvard School of Public Health, 1953,

2%93 pazes.

"This manual is intended to assist the design enzlneer in understanding the wide
range of human varlables 1lnvolved in the operation of different types of vehicular
equipment. It is also intended to acquaint the biological scientist with the sort
of engineering problems that often arise in the field of equipment design. An effec-
tive Intezratlon of men and machines, with a consequent increase in safety, can only
be achleved if there i1s a common understanding of the human requirements and opera-
tional problems involved in the design of egquipment. With this aim in view the prin-
ciples of human engineering are outlined as they apply to the design of many types
of vehlcles, Including armored vehlcles and aircraft. Pertinent studies are reviewed
from the applled flelds of psychology, physiology, and anthropology. Of singular
lmportance 1s the presentation, for the first time, of original dats on the range of
body size of commerclal truck and bus drivers, as well as operators of military
equipment. These data are in the form of percentile distributlion tables which enable
the englneer to deslgn for the accommodation of any desired percentage of the popula-
tion. This manual should be of interest to engineering, safety, and medical person-
nel, and should ensble them to guide and evaluate the design of vehicles in terms of
the operator's safety, health, and efficlency.

"The major sections of the report include: I, The Problem, with a discussion of
the role of acclidental trauma as well as the medical and operational implications of
deficlent design; II, The Approach, including basic data on human capabilities; III,
The Job, an analysis of job requirements, including the design of controls, displays,
working areas and seats; IV, The Machine, presenting design studies and evaluations
In trucks, buses, tractors, tanks, and alrcraft; and V, General Principles of man-
machine integration.”

The basic premise 1s that, in order to achleve maximum efficiency of any machine
system Involving a human operator, the significant dimensions, abilities, and limita-
tions of the operators must be conslidered equally with englneering factors from the
Initial design to the final construction.

Statlstical evidence and specltic examples are given to show that failure to
adequately evaluate and allow for the relationship of the operator to ‘the machine
result in seriously reduced efficiency of both machine and operator, unnecessarily
high aceident rates, and loss of time and money.
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Percentile Distributlion of Body Dimensions:

TAELE 5 - 1

Army and Civilian Drivers

oenti

Dimension Group N Range Median 5 50 95
Civilian Drivers 310 20 -6, 36,27 25,00 36,27 LB.46
(Years) Army Drivera 2380 15 - 43 22,44 19.49 22,44 32,30
Stature Civilian Drivers 306 62,11 75,47 62,35 64,464 68,35 T2.48
Army Drivers 2380 60.24~ 77,56 68.23 64.21 68,23 72.50

Weight Civilian Drivers 305 110 -300 163.74 129.00 163.74 212,82
(pounds) Army Drivers 2380 100 -27 153,10 126.52 153,10 191.67
Total Span Civilian Drivers 305 62,89~ 77.83 70.87 66,46 70.87 T5.47
————— — - e o e e ek ————— ——— ———

interior Arm Civilian Drivers 312 30.66- 41,67 35.75 32,95 35.75 38.42
Reack = e e - —_— e e - - — — — —
Head Height Civilian Drivers 315 LobB= 5,74 5.12 4.68 5.12 5.47
Left Army Drivers 1664, Leld= 5,91 5.15 4.81 5.15 5.56
Shoulder Breadth Civilian Drivers 310 1,694~ 21,62 18,34 16.92 18,34 19.90
Army Drivers 2373 14,9~ 22,05 17.92 16.56 17.92 19,66
Chest Breadth Civilian Drivers m 9.04~ 14.94 11.79 10.16 11.79 13.47
Arnty Drivers 1652 8,27- 15,35 11.12 2.9 11,12 12.41

Chest Depth Civilian Drivers 312 6.29- 12,97 8.86 7.58 8.86 10.48
Army Drivers 1662 5.91- 11.81 8.31 7.27 8,31 9.58

Hip Civiliaen Drivers 313 9,04~ 14.9 11.72 10.71 11,72 13,12
Breadth Army Drivers 1656 2,66~ 15,35 11.42 10,28 11.42 12,90
Foot Civilian Drivers 293 2,25~ 12,18 10.43 9.60 10,43 11.32
Ianghh Al'lw Drivers 2359 9.,09- 11,69 10.44 9.65 10.44 11,23
Foot Civilian Drivers 312 3.38- 4.80 3.98 3,68 3.98 Le32
Breadth Army Drivers 2369 3,07~ 4.69 3.89 3.50 3.89 427
Head Civilian Drivers 313 20,83- 23,98 22,34 21,40 22.34 23.44
Circumference Army Drivers 2376 19,69~ 24.20 22,26 21,28 22,26 23,33
Chest Civilian Drivers 311 3145~ 51,10 38,31 34.13 32,31 44018
Circimference Army Drivers 2375 29,53~ 46.46 36,31 33.05 36,31 40.48
Abdominal Civilien Drivers 311 6,68~ 13,76 9.50 7.84 9.50 12,06
Depth Army Drivers 1665 6.69- 13,78 9.03 7497 9.03 10.51
Right Calf Civilian Drivers 305 11.40- 20,05 14.15 12,60 14.15 16.04
Circumference @ @ = @ - - = = - —— e e e e - — J—— —— —
Left Calf Civilian Drivers 313 9.45- 20,87 14.09 12,60 14.09 16,06
Circunference Army Drivers 1207 11.42- 17.76 14.04 12,55 14.04 15.62
Erect Sitting Civilian Drivers 310 33,07- 39.00 36434 34433 36.34 38,19
Height Army Drivers 2639 30.71- 41.34 35.70 33.46 35,70 37.85
Normal Sitting Civilian Drivers 213 30,71~ 37.80 34.65 32,60 34.65 36.58
Height - ---- _  —--- — — — —
Trunk Height Civilian Drivers 311 20,477~ 26,38 23,66 22,01 23,66 25,24
Army Drivers 1671 18,50~ 26,38 22,9 20,R 22,9 2,.R
Buttock-Knee Civilian Drivers 310 21,26 27,56 23,78 22,05 23,78 25,79
Army Drivers 2353 19,29- 27,56 23.33 21.49 23.33 25,16
Xnee Height Civilian Drivers 301 19,29~ 25,98 21,69 20,08 21,69 23,50
Army Drivers 237 17,72- 25,59 21.5 19.78 21,5 23,42

Elbow Breadth Civilian Drivers 282 12,99~ 24.41 17.52 14.88 17.52 20,71
Army Drivers 1664, 13,39- 23,62 17.48 15.35 17.48 20,25
Seat Breadth Civilian Drivers 308 11.42- 20,08 1449 13.15 14449 16.34
frmy Drivers 1656 11.42- 18,90 13.84 12,65 13.84 15.37
Knee Breadth Civilian Drivers 311 6,69~ 11,02 8.07 7.32 2,07 9.17
Shoulder-Elbow Civilian Drivers 311 12,60~ 16,39 14.80 13,78 14.80 15,87
Height Army Drivers 1650 11.42- 16,54 14426 13,01 14,26 15.49
Elbow-Middle Civilian Drivers 11 15,75~ 22,05 18,82 17.32 18,82 20,20
Pinger Army Drivers 1636 14 .9~ 22,05 18,72 17.17 18.72 20,07
Hand Length Civilian Drivers 3L, 6.54~ 2,58 7.60 7.09 7.60 8.1
Army Drivers 2364, 6.,61- 8,22 7.60 7.02 7.60 8,19

Hand Breadth Civilian Drivers 311 2,99 4.2 347 3.19 347 3.82
Argy Drivers 2372 2,76~ 4,17 346 3.17 3.46 3.7

Hand Circumference Civilian Drivers 311 7.16- 9,53 8.27 7.56 2,27 8.90
Normal Sitting Civilian Drivers 309 26,30~ 32,68 29.61 27.72 29,61 31,61
Eye Height @ -~ . _-. -— -__—— - _— ——— —_— —

Note: Dimensions are in inches, unless otherwise noted.
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Effects of environmental factors such as temperature, humldity, ventilation,
nolse, and vibration are discussed, and pertinent research data cited. A survey of
human engineering accomplishments in the fields of alrcraft, tanks, tractors, rail-
ways, and Industry in general 1s presented, with emphasis on the methods by which
the data were gathered. A description is glven of the use of adjustable mockups.

Specific requlrements of the operator space 1n a vehicle, such as adequate range
of visibllity and seat design, are glven. A sample check 1list and a critical evalua-
tlon of the human factors in the design of a widely used truck are included.

Appendices include a description of anthropometric lnstruments, data obtained
wlth such equipment, methods of taking the measurements, percentile distribution
tables of 32 functlonal body dimensions, and seven tables showing the correlations
between the various body dimensions.

Since this 1s a manual compiled through a detalled analysis of 117 references,
it 1s beyond the scope of an annotation to include the Individual data and recommen-
dations. "The manual consists of 239 pazes including 46 1llustrations, 50 tables, a
bibliography of 117 items, and an index.”

7. McFarland, Ross A. and Alfred L. Moseley. Human Factors in Highway Transport
Safety. Harvard School of Public Health, Boston, 195k.

"In this research prozram which has been undertaken in the field of Highway
Transport Safety, four separate studies have now been completed. The subject matter
of the present, or third, study has been divided into five major areas... . The
introductory section...gives & brief outline of the importance of accidents in gener-
al, and of highway acclidents in particular. The various approaches for the reduc~-
tion of accidents in the truck and bus industries are also presented." ...The re-
maining sections deal with such matters as the selection of drivers, human mainte~
nance, human factors in the deslzn of equipment, and operating procedures and accl-
dents. "The original research findings from this investigation on highway transport
safety have been Integrated with previously published studies throughout the report.
A selected blbliography 1s glven at the end of each chapter for reference purposes.,
A glossary of terms frequently used in the highway transport industry and in the
blologlcal sclences, as well as a general toplcal index, are included at the end of

the report.

Chapters 8 and 9 deal with the physical anthropological aspects of equipment de-
slgn and workspaces. ' :

The report is 295 pages long. It contalns 65 tables and 73 figures. The bibli-
ographles total 3%8 references.

See also: McFarland, Ross A., Albert Damon, Howard W. Stoudt, Alfred L. Moseley,
Jack W. Dunlap, and Willlam A. Hall. Human Body Size and Capabilities in the Design
and Operations of Vehicular Equipment. DBoston: Harvard School of Public Health,

1953, 239 pazes.

Mciarland, Ross A., Jack W. Dunlap, William A. Hall, and Alfred L.
Moseley. Human Factors in the Design of Hichway Transport Equipment. Boston:
‘Harvard School of Public Health, 195%, B85 pazes.

King, Barry G., Dorothy J. Morrow, and Erwin P. Vollmer. Cockpit Studies
--The Boundaries of the Maxlmum Area for the Operation of Manual Controls. Report
No+ %, Project X-651, Naval Medical Research Instltute, National Naval Medical Cen-

ter. Bethesda, Maryland, 15 July 1947.

: ' Randall, Francis E., Albert Damon, Robert S. Benton, Donald I. Patt.
Human Body Size in Military Aircraft and Personal Equipment. Army Alr Forces Tech-
nical Report No. 5501, Air Materiel Command, Dayton, Ohio, 10 June 19h6.

Statistical data on human body size, in the form of percentage tables, are pre-

- sented, based on 2,500 Army drivers "sorted from a sample of 25,000 soldiers mea-

- sured by the Quartermaster Corps at time of demobilization” after World War II, and
360 civilian bus and truck drivers. From these tables it is possible to determine
what percentaze of a population will fit any specified operational dimension of a
machine, such as distance to a control knob or foot pedal. Of equal importance for
vehlicle or machine design is the information presented on human capabllities, 1.e.,
reactlon time, speed and strength of arm and leg movements 4nd range of motion of
the joints of the body.
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8. McFarland, Ross A., Jack W. Dunlap, William A. Hall, and Alfred L. Moseley.

Human Factors in the Design of Highway Transport Equipment.

of Public Health, 1953, 80 pages.

Boston: Harvard School

A summary of the findings arrived at by application of human engineering prin-
ciples to the evaluation of representative trucks widely used in both c¢ivilian and

military transport.

- manufacturer and actual model number are not given.

Trucks evaluated ave identifled by research team's code number
The primary objéctive has

been to improve safety and efflclency in operating all types of vehlcular equipment.
Twelve dlfferent models were evaluated.

Factor Range Number Specific Recommendations
Deficient Deficiencies
Cab space - N short fore and aft (2) R
_ dash board overhang (1)
inadequate head room {1)
-==~ no agreement on best standardigzation

Seat height 12 1/2 - 18 1/2"
above floor .

height

based on scientific
body measurement

Seat wildth 17 1/2 - 55" 0

Seat depth 16 - 20 1/2" 0 ,

Height of all considereéd

seat back 17 1/4 - 21" 0  eeeeea adequate for driver

width of

seat back 17 1/2 - 70" 0 |

Vertical seat 0-3" 12 adjustability in- Lh-5" adjustability

adjustability sufficient or non=~
existent (9)

Horizontal 0-5* 11  adjustability in- 5" of adjustability

seat adjusta- sufficient or non-

bility existent (2)

Steering one wheel 11 adjustability make all wheéels

wheel adjustable 2" - -non-existent adjustable

Directional =~ — ==-=-- 12 non-existent (5) self canceling fingerb

signal too far from wheel, tip control, not more
non-self -canceling than 2 1/2" from rim

_ A (7) of steering wheel
Gear shift length of e mmees none
lever arm
25" - 29" '

Hand brake | mme- 5 12 require 125 .1bs. should be standardized
release pressure, as to position, for
5 have push-button one-~hand release at
which may require pressures not to ex-
both hands to ceed 90 lbs. for right
release hand, 80 1bs. for left

Dimmer standardized most 1 located at base -

swltch on left silde of of steering post

_ steering post

Clutch pedal 3" - 5 1/2" 5 pedal too narrow W= L o3/4"

width

angle 0-80 degrees -—— =mee- should be standard-

ized at sclentifical-
ly arrived-at angle
surface = -==-- 5 steel surface rubber surface
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 Factor

Range

Number
Deflclent

Specifie
Deflclencles

Recommenidations

Brake pedal

- i -

deficlencies and reéommendafions don¢ern1ng
width, angle, and surface are the same as for

thé clutch pedal

height 8 1/4%* - 10 1/2" 5 pedal too high minimum possible

above floor ’ height

Accelerator ————— -—- ———— at least 2 1/2" sepa-
rate from other pedsals

pedal angle not determined - -————— should be standard-

at crulsing 1zed at best angle

speed v _ »

Alr horn --oe- 12 no air horn (7) should be foot control

control overhead pullcorad near dimmeér switch

‘ or chain (5) ‘

Front brake -——-- 2 out of normal reach standardized location

control ) ‘ ‘ ~within normal reach

High-low range e 3 located on dash or standardize on shift

shift control , floor lever . '

Starter control &~-==- 3 foot Qperated ) hand operated on dash

Windshleld - 10 two dead turns in instant starting

. wiper awitch, single speed variable speed
vacuun (air) operated electric

Windshield - 5 divided windshield single panel

divided-single

panel

curved-flat = @ e===- 3  curved windshield flat

area 5ol - 1080 12 inadequate visibility vertical dimensions

sq. in. up and down should bé increased

windshield

cleaning,out- 39 - 63% 12  1limited visibility greater coverage

side (wiper in poor weather

coverage)

inside (de- ———— 12 no form of de-fogging de-fogging system

fogging, de- recomended

frosting)

Instrument

panel

géneral arrangze- =e«=--= - no standardization should be located

ment and several panels in directly in front of

location center of cab driver - instruments
arranged and sized in
accordance with Iim-
portance of each

Dial colors . ————— i green on brown white figures, black

night 11lumi-
nation
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bldck on cream

not mentioned

background

red or violet



Factor Range

Number
Deficient

Specifie
Deficiencles

Recommendations

Dial desizn recommendations

1. Best size of round dials for reading at about 28 inches is approximately

2 3/L

inches diameter.

2. Open-wihdow type dial (direct reading counter) is best for rapid reading.

3. Fewest possible markings.

b. Dial scale increasing from zero to higher readings clockwlse, or up for

increase,

down for decrease.

. Numbered marks about 1/2 inch apart.

. Consistent space between dlal marks.

5
6
7. All dials indicatling increase rotate in same direction.
8

. Dials using metric system can be read most accurately.

scales.

Avold non-linear

9. Avoid use of decimal point where possible; omit zero before decimal point.

10. Scales should be increased by units which are numbered 1,2,3,L4, or 10,20,30,
40, etc., and marks can usually best be placed at 0,5,10,15, etc.
11. There should be a gap or break between beginning and end of scale.
12. Groups of dials should be patterned so that all "correct" readings are
oriented in same direction, so as to make malfunctlion readable at a glance.
Anterior arm @ ~---- 12 not taken into con- should be factor 1in
reach sideration in any design, based on
vehicles measurement data
already avallable
Knee height =  -=-=- 12 all vehicles dis- same recommendation
commoded at least as above (brake pedal-
15% (70% in one) of steering wheel distance
driver population especially important)
ad justable steering
wheel, greater fore-
and-aft seat adjust-
ability recommended
Foot length = W -===- 12  ©brake pedals too make brake pedal larger;
and breadth small; men with long move accelerator to
feet tend to scrape right; move firewall
toes against fire- forward; allow more
wall; when operating room between all foot
brake or clutch catch controls; install
feet on pedals throttle on panel
Hand lenzth =~ ~-=-- -—— turn indicator and rarely eritical; turn
trolley brake cannot indicator and trolley
be operated without brake should be reach-
removing hand from able without removing
wheel hands from wheel
Buttock-knee = -=w-- -—- approximately 20% of fairly well provided
distance taller drivers strike for; greater clearance

right knee on trolley
brake valve assenmbly
when operating foot
brake. 157% find dash
board too close to knee

between floor and dash
and between floor and
trolley brake valve
assembly
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Factor Range Number Specific Recommendations
Deficient Deficlencies '
Abdomen depth @ =~w== - stoutest 20% of drivers generally adequate
find steering wheel
seat clearance lnade-
quate
Knee length =-=-- -—- right knee of 50% of move gear shift to
drivers touches gear right; move hand
shift occasionally-- brake
taller men knock left
knee on vertical hand
brake
Nolse level --—-  interference with damping in engine
normal speech enclosure; better
idling 46 - 89 db. (50-75 db.) muf fler design
2nd and 3rd 80 - 95 db.
gear
Lth zear just below
90 db.

Relative hu-
midity (meas-

23-73% (out~
side humidity

ured with a 27-71%) change
"Hand-Operated of humidity
Psychrometer” ranzed from an

increase of
22% to a de-
crease of 10%

in closed cab
after heater
had been on

- -

full for 15
minutes
Temperature  ===== -——— =mecaa best temperature
range 60 to 8l dezrees
F3y air congitioning
recommended for areas
having extreme high
temperatures
Vibration = =  =-e=-- -—- in many instances i1solate driver from
seat accelerates enzine and chassis
existing vibration vibratlons at oper-
tor's seat
Ventilation @ ==-=-- ---  toxlc levels of carbon further study required
monoxide rfound 1n
several models after
15 minutes 1dling
with cab closed
Seat comfort e-c-- -—— meeeee more research 1ln seat
design with specific
reference to drivers'
seats
Changing of =  --=-- - lack of adequate rearrangement of ex-

body position

lateral space; 3%

1sting structures to

vehicles' apace too allow more space
small for 50% of
population
Safety factors —————— - eeemee provide driver and
passengers with
shoulder harnesses
Safety equip- ————— ——— eeeee- standardize location
ment in one place '
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Factor ~ Range » Jumber Specific Recommendations

Leficient . Leficiencies'

- —_—— ————

Emergency = ----- 8  noted as difficult make windows large
escape - : - . - oo : to escape from enouzh. for laryest
EEUE C o : . ‘ man to escape throurh

- e —

The flgureés in parentheses under column four, Specific Deficiencies, denote the
number of occurrences of the specific deficiency, where appropriate.

Appendix material includes a 1ist of 2% selected references directly related to
the field of investization, 26 tables listing specific data for each truck model in
the characteristics investizated, and scale drawings of the cab area of 10 of the 12-
vehicles studied. .

See also: McFarland Ross A., Albert Damon, Howard W. Stoudt, Alfred L. Moseley,
Jack W. Dunlap; -and William A ‘Hall. Human n Body ‘Size and Caoabilities in the Design
and Operations of Vehicular Equipment. . Boston- Harvard School of Public Health
1953’ 259 pafes.- '

i

3. Morant, G.M. Applied Physical Anthr_go vy in Great Britain in _Recent Years.
American Journal of Physical Anthropologzy, New Series, Volume 6, Number 3, Septemher

1948, pazes 329-339.

The author describes the applied physical anthropological studies carrled out in
England. "In recent years research of this kind carriled out in Great Britain has
been concerned chlefly with the application of the techniques, methods of treatment,
and records rezarding morpholozlical measurements of the body to particular practical
problems. These have been personnel problems of the fighting forces concerning rela-
tions between groups of men and the spaces in which they work, or the clothes they
wear. .

“During the war body measurements were recorded for nearly 3000 Royal Air Force
flying personnel and 2200 Hoyal Armored Corps personnel. . Body measurements of chil-
dren, in .a -survey in.prozress rezarding seating carried out by the Department of
Anatomy of the University of Birmingham...have been obtained.

The author stresses the need for empirical trials in evaluating clothlng and
equipment prototypes orizinally designed on the basis of anthropometric studies. He
also emphasizes that, for the work of the anthropolozlist to be useful it must be
sold to those in a. position to implement 1it.

The article is 10 pages long. There are no tahles or figures. A bibllozraphy
of 12 items 1s included.

Additional references: Keith, Arthur. Problems of British Anthropology. Journal
of the American Medlcal Association, Volume (0, No. 1L, 6 April 1918, pp. 1020.

Morant, G.M. Anthropometric Problems in the Royal Alr Force. British
Medical Bulletin, Volume 5, Number 1, 19347.

10. Newman, Russell-W. Applied Anthropometry. In Anthropology Today, an Encyclo-
pedic Inventory prepared under the Chalrmanship of: A.L. Kroeber, The University of
Chicago Press, Chicazo, Illinois, 1953, pazes 7h1—7h9 :

The author describes ways in which anthropometry has been applied to the solu-
tion of industrial and military problems. The study conducted by the United States
Department of Azriculture to provide accurate data pertinent to the sizing of young
people's c¢lothes °is dlscussed. The term "Commercial Stamdard" is defined and its
implications analyzed. The determination of the space requirements for varilous
kinds of work 1s considered to be a field of limitless research possibllities. The
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last half of the article concerns itself with an examination of specific strengths
and weaknesses which anthropometry brings to such problems as the détermination of
clothing sizes and workspace requirements.

The articlé is eight pages long. There are no tables, figures, or data. The
bibliography lists seven referencss.

1l. Randalli, F.E. Anthropometry in the Quartermaster Corps. Américan Journal of

Physical Anthropology, New Series, Volume 6, Wimber 3, Sépfember 19483, papses 273330,

This article describes the applicatlons of physical anthropology that have been
made in the Army. "The application phases fall 1into 2 main ¢atepories. The first
is to a great extent, pure anthropometry in that it is c¢oncerned with the meastre-~
ment of human beings in considerable detail. The collection of large series of de-
talled messurements is considered to be of primary value in that the -data, when ana-
lyzed, will serve to provide a constant source of reliable information upon Wwhich
further studies may be based. The second phase falls into the tategory of testing.
In this phase, anthropometry 1s highly specialized, in that small numbers of dimen-
sions are taken and quite frequently taken on limited series of individusls which

_are Subsequenily evaluated in terms of the initial large series.” '

The author gives several examples of these two different types of anthropometry
as found in the Quartermaster Corps research program. Figures are supplied on the
following toplcs: (1) the kinds of soclological background data collected, (2) the
particular physical measurements taken, (3) frequency distributlons of stature and
welpght, (L) dimensional changzes throughout a population by changes in stature and
welpght, (9) overall varilations in the population, and (6) a thart for a proposed
procedure of the Quartermaster Corps.

The article is seven pages lonp containing six figures and a bibliopraphy of
five references.

12, Kandall, Francis E., Albert Damon, Robert S. Benton, Donald I. Patt. Human
Body Size in HMilitary Aircraft and Personal Egquipment. Army Alr Forces Technical
Report No. 5501, Air Materiel Oommand, Dayton, Ohio, 10 June 1946.

"The present report deals with the relation of human body size to military air-
craft and equipment. It contains the necessary data and instructionsl material to
guide the designers of aircraft and associated flying equipment in the proper use of
anthropometry, as it applles to AAF flying personnel. The functional man 1§ fully
described and the spatial requirements of his personal equipment are evaluated.
Mnally, the complete functional man is considered in his air crow position and as
an integral part of the functional airéraft.”

The report is 333 pages lonpg and contains a large number of flgures, photo- ‘
graphs, and tables, The bibliography lists 75 references. For selected portions of
the data, see also: Ashe, William F., Paul Bodenman, and Lester B. Roberts.
Anthropometric Measurements. Project No. 9, File WVo. 741-%, Armored Forc¢e Medical
Research Laboratory, Fort Knox, Kentucky, 1 February 1943.

Randall, Francis E. Seat Comfort. Paper Yo. Eé-F—ll (M971-146) ror
presentation at the Fall Meeting of the American Society of Mechanical Englneers,
Boston, Massachusetts, 30 September - 3 October 13946.

erior Designers. Second Edition,

terior Desi
£

13. Schroeder, Francis de N. Anatomy for In rs
50th Street, New York 22), 19%1.

New York: Whitney Publications, inc., (18 Eas

Graphic sizing standards are presented for the design of home and commercial
furniture, interiors and equipment relations in terms of himan-use requirements.
Basic measurements are based on the "...averase man and woman (he's 5 feet, nine
inches high, and she's 5 feet, 8 inches)."” As the sources of this datm, the author
notes that they "...have gone to designers, architectural reference books, and in
one or two cases to 1ife Insurance statistics, to present our own table of

gtandards."
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Subjects covered include: stairs and passageways, the business office, bars and
restaurants, the living room, the game room, storaze space (masculine and feminine)
and the human eye and television. The approach has been to follow "...our average
man and woman...through an average day." _

H

The book contains 96 pages, which are primarily dimension illustrations with a
minimun of text and no bibliography.

Additional reference: Freese, Ernest I. The Geometry of the luman Migure.
American Architect, Volume lhﬁ, July 193, Dppe 57-60.

Editor's note: This summary is included here for the sake of completeness. The
data have been used by many architects and builders in recent years, and thus affect
the lives of a large segment of the population. It must be pointed out, however,
that the body dimensions have been gathered from a sample of unknown size, by un-
known measurers and by unknown techniques. Hence they cannot be considered reliable
in a scientific sense. There is no way of assessing the range of body size they
will accommodate. It can be demonstrated, moreover, that there is no such thing as
an "average” person, either male or female (Daniels, C.S. The "Average Man"?). The
engineer should-design to accommodate the range of size of the using population.

1li. Society of Automotive Engineers. Research Topics and Suggestions: Riding-
Comfort Factors. The Journal of the Society of Automotive Engineers, Volume 1h,

No. 3, I92L, 5. 3%5-3L1.

This 1s a rbsumé of the topics and discussions*in a svmposium on riding-comfort
factors. This symposium, primarily for engineers, was held 22 January 192);. Fac-
tors involved in riding comfort were dlscussed under the breakdown of the passenger,
the vehicle and the road. An outline of the factors discussed 1s presented along
with portions of the discussion. A nineteen-item bibliography is included.

13. Thruelsen, Richard. Have a Seat, Please. Saturday Evening Post, Volume 219,
28 september 19,46, p. 6.

This article discusses the size and durabllity problems of theater seat design.
"The prime goal is to design a chair which not only fits the callipygian curves but
pampers the popliteal tendons -- in other words, feels like a downy yet dependable
cloud. Cast-iron standards, hidden hinges, African grass or palm fiber and arched
springs are utilized in these seats.

"Po meet the crisis of the patron who tries to fit a nineteen-inch spread into a
seventeen-inch seat, the new manufacturing trend is to widths between nineteen and
twenty-one inches, with a twenty-four-incher now belng planned."

Other problems include spacing of rows and within rows, and durability. Two de-
vices, one which sits down in the test chair with 270 pounds of dead weight 100
times a minute and another which gives the seat and the standard a wallop like that
of a forty-pound weight dropping twelve inches, are utllized in testing by one manu-
facturer, the American Seating Company.

The article contains two illustrations and no bibliographic references.

16. Yoder, Robert M. Some of Your Best Friends Are Dummies. The Saturday Evening
Post, 10 July 195l.

This article describes the use of anthropomorphic (or anthropometric) dummies in
accldent research. The dummies are designed to represent as accurately as possible
the physical characteristics of the human body in order to obtain reliahle estimates
of the effects on the human body of various types and intensities of accidents or
accident-like situations. The effectiveness of various accident-minimizing devices
~~such as seat belts and ejection seats--can also be evaluated by means of such
gtudies.

The article is four pages long. There are no tables, figures, or cata. Five
Photographs of the dummies "in action" are included. Many of the leading authori-

tles in accident research, as well as installations where such work is being con-
ducted, are named.
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ANTHROPOMETRY

17. Army Service Forces. Height and Weight Data for Men Inducted into the Army and
for Rejected Men. Report No. 1-BM, O0ffice of the Surgeon General, Medlcal Statis-
ties Dlvision, (World War II data, no report date given).

"A sample of 101,142 records for selectees examined at induction stations during
January and May 1943 indicates that for the men inducted into the Army:
Average height (without shoes) was 68.11 inches
Average welght (wilthout clothes) was 150.75 pounds
"The average height and weight of the men rejected were respectively .29 inch
less and .66 pound less than for the men inducted into the Army.
"The average height and weight of white and colored men inducted into the Army
were as follows:

Average Average
Height Welght
White inductees 68.1]; inches 150.78 pounds
Colored inductees 67.89 inches 150.1); pounds

"The average height and weight of white and colored men who were rejected were
slightly under the corresponding measurements for men inducted into the Army.

"Among the men inducted into the Army, approximately 8% percent were from 5'5"
to 5'11" tall. The standard deviation of the heights (with respect to the mean of
68.11 inches) was 2.59 inches. '

"Approximately 80 percent of the men inducted fell into the weight range from
120 1bs. to 170 1lbs. The standard deviatlon of the welight (with respect to the mean
of 150.76 pounds) was 22.18 pounds. - : R o e

"The average height of the inductees examined in 1943 was .62 inch greater than
the average height of Army recruits in 1917.

"The draft recruits examined in 1917 had an average weight of 1lj1.5) pounds or
about 9 pounds less than the average for men inducted in 19&%."

The composition of the sample 1s shown below.

White Colored Total

Inducted into Army . 60,695  68.9% 7,300 .97 67,995 67.2%
Rejected 2 2 1.19 7 “gg.l% ‘) %gpl 7 2.8%
Total sample - - -:- 88,087 100.0% 17, 100.0% ,Ik? 100.0%

"It should be kept in mind that the registrants presenting themselves for exami-
nation at the induction stations were a selected sample of the population. Not only
were the men in deferred occupations and the men with dependents automatically elim-
inated but in addition there was a physical screening of the registrants at the lo-
cal boards. Only men with manifestly disqualifying defects were rejected at the lo-
cal board level. OSpecific causes for rejectlon, relative to height and welght, were
"awarfism", "gigantism or acromegaly if markedly disfi%uring or if associated with
other symptoms or severe pituitary disfunction", and "excessive overwelght which is
greatly out of proportion to height if sufficient to interfere with normal physical
activity or with proper training". In addition, however, men with serious organic
diseases {such as advanced tuberculosis, cancer, etc.) which might have greatly
affected their weight, would also have been rejected by the local boards."

"The heights were recorded without shoes and the welghts without clothing.
"The tabulations of height and weight presented in this study should be regarded
as approximations of true helght and weight of selectees examined at induction sta-

tions. JFor practical purposes, it was not essential that observations of height and
welght be recorded with a high degree of exactnesas. Height was most often reported
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in an integral number of inches, though sometimes it was given to the nearest half
inch or quarter inch. Whole numbers of inches were used in transferring height dats
from individual reports of examinations (DSS Form 221) to purich cards, from which
the tabulations presented in this study were obtained. Thus, the tableées showing the
distributions of selectees by height are drawn up on the basis of the wholé number
of inches reported, dlaregarding any fractional parts of an inch. A tabulation of a
small sample of cases Indlcated that the heights reported averaped approximately two-
tenths of an inch in excess of the whole number of inches. Accordingly the mean for
the group of cases reported as TO inches and 70 plus dome fractional part of an inch

can be taken as 70.2 inches."

The bodv of the report includes four charts and the appendix includes 11 tables.
The 1l page report has no bibliographic references. The four charts are inc¢luded in
the dnnotation to summarize the data; these are: I. Percent Distribution of Heights;
IT. Percent Distribution of Heights and of Welghts (Comparing 19,% and 1917 groups);
III. Percent Distribution of Welghts; and IV. Average Weilght by Heipght (1943 and

1917 curves).

CHART 17 - 1 CHART 17 - 2
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CHART 17
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18. Ashe, William F., Paul Bodenman, and Lester B. Roberts. Anthropometric Measure-
ments. Project No. 9, File No. 7hl-3, Armored Force Medical Research Laboratory,
Fort Knox, Kentucky, 1 February 193.

Purpose: To determine the size of varlous parts of the human body to faclilitsate
the proper design of equipment, particularly Armored Vehlcles.

Background and methodology: "The Aero-Medical Research Laboratory at Dayton,
Ohio, has made available to thls Laboratory a considerable amount of data on the
slze of Air Force Personnel. Thils data has been used in the design of Air Force

equipment.

YMuch of the data supplied by the Air Force 13 directly applicable to Armored
Force personnel if it can be demonstrated that the two populations are similar. Cer-
tain standard basic measurements such as height, welght, sitting height, shoulder
- and hip width, and arm reach were made on a group of 250 Armored Force School sol~
dlers and compared with the much larger Alr Corps group. The two groups were found
to be essentially alike.

"The problems of Armored Force vehicular design required that certain measure-
ments be made which were not made on Alr Corps personnel. The instruments used for
these measurements were in part borrowed from the group at Harvard which measured
the Air Corps personnel, and the rest were fabricated with equal accuracy.

"The additional necessary measurements were made on over 900 Armored Force
School soldiers. The data here presented includes all relevant Information from

both groups of statisties.

Conclusion: "This material is a sound basis upon which to design Armored Force
equipment, particularly such Armored Force vehicles as tanks, in which space require-
ments are of the greatest importance."

The authors describe techniques for taking 36 body measurements. The report is
37 pages long. The data are presented in the form of 37 percentile distributions.
Thevre 1s no bibliography.

The following table provides selected material from the reporte.

TABLE 18 - 1

Anthropometric Data

Note: Where N = approximately 2900, the data are based on Alr Force personnel.
Where N = 900 or less, the data are based on Armored Force School soldlers.
{Measurements are in inches unless apecified to the contrary).

Measurement Number of Range Percentiles
o Sub jects 5th —FOth 95th
1. Stature 2961 61.y - 78.0 6%.u 69.2 g .l
2. Weight (1v) 2960 110 - 210 128.5) 153.12 1 é.ou
. Sitting Height 2%9 22,7 - L0.6 3.5 %6.)y 38.5
E. Shoulder Height 912 20.2 - 28.7 22.7 au.z 26.5
50 Eye Height 915 3.,.]. - 507 3.9 ho 5.1
6. Anterior Arm 2959 29.5 - L0.6 22,7 35.2 27.8
R
T Shgﬁfder—Elbow 2955 10.6 - 16.9 13.6 1L .7 15.8
: Helght
8. Elgo% to 101 16 3/4 - 21 7/8 17 1/2 18 3/ 20 1/2
Fingertips
9. Elbow to Center 101 12 3/8 - 16 3/8 13 14 1/8 15 1/2
of Fist
10. Hand Length 2952 6-L|. - 808 701 706 . 8.2
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Meaasurement Number of Range Parcentiles

Subjeats Sth T GOER 95th
110 Hand Breadth 2 2. - 1 ol . .
12, B;EDelt::d 2325 15.§ - 2%.; 12.7 13.3 1%.%
13, Blaoromial 295 12.6 =« 18. 1901‘. 15.7 16.9
13. Span Total 2?9 62.2 = 80‘7 67.2 7 5 7601
15, Span Akimbo 2956 21,9 - L2.5 3447 37.1 397
16. Chest Thickneas 91% Z.g - 12'8 8.6 .6 10.8
13. Chest Width 9 12.5 - 16, 13,3 13.3 15,
18, Chest Breadth 2957 8.; - 1;.& 10.3 11.2 12,
19, Chest Depth 2953 6.3 = 11,0 T 8. 9.3
20, Abdominal Depth 295 643 = 10,6 7.21 8.18 9.33
21. Buttook Knee 2954 13.3 - 27.6 22.0 2%.6 25.6
22, Patella Helght- 2959 18.1 - 25.6 20.l 22,0 23,6
2 Fgggmnfg°g§ 2959 8.8 = 12,2 9.8 10 11
30, Foos Drocauh 2959 3.3 = Le6 3.6 %:3 i
25, Shoe Length a7 10.1 - 13,5 1i.0 11427 12.6
260 Sh Width 12 [} - 06 . 02 L]
2%0 Bi?-g'roohantez‘io 235 1%0’5 - ljéo 1?.]9. 1)[;:02 1hoh
28, Bi-Iliao 29 1 =13, 104 11.) 1 .E
29, Béigpioondylar- 2955 12.6 - 21.3 15.1 16.7 18.4
ows

20, Head Circumference 2955 20.1 = 244 22.); 23.L
321, Chest Circumfer- 2954 20.7 = L43.3 33,1 25.7 29,0

ence-Rest
32, C%}itciroumferenoo- 2955 11.0 = 17.7 12.8 1.1 15.6

L]
33, Head Helght 2956 he3 - 6.0 4.8 5.2 5.6
33. Sitting Helght 2955 27.2 - 35.4 29.6 Ly 33,3

Minus Head Helght
28, Trunk Height 2957 19.7 = 27.2 22,2 23,8 23.
36, Bi‘EpicOndFlar 2955 603 - 110'4 7-1 707 ‘E

Femoral ~Knees
37. Squatting Diagonal 2955 28.0 - 0.2 21,1 33,4 2549

19, Baxter, J.H. Statlstics - Medlocsal and Anthropologleal of the Provost-Marshal-
General's Bureau derived Irom Records of the Examinatlon ror Military Service In the
Armies of the United States during the Late War of Rebellion of over & MILlion Re-
crults, Drafted Men, Substitutes and Enrolled Men. WasShington, D.C.: dovernment
Printing OIllce, IB?S, 2 Volumes, 1335 pages.

This report 1s primerily oriented toward the medical examination with reports of
disease and injurles; however, figures for height, weight and girth of cheat are in-
cluded. Introductory sections dlscuss similar anthropometric data for certain Euro-
pean national groups. The following tables summarize this anthropometric material.

Volume One inocludes the plan and scope of the work, instruoctions to resrulting-
surgeons, an outline of the history of anthropometry, a review of the tables (which
appear in Volume Two) and their results, 60 charts and maps, and the reéports of sur-
geons of boards of enrollment, Indluded are charts (bar graphs) of Girth of Chest
at Expiration = in its relation to Nativity (Buropean nationallty) and Age, Height -
in its relation to Nativity and Age, and a general index for both volumes. The in-
structions to recrulting-surgeons include anthropometric selestion data for the Ro-
man soldier, the French, British, Belglan, Swiss, North-German and Austrian soldiers.
A table 1s included which "exhibits the changes that have been made in the stature
and age required of recrults for the Army of the United States from 1790 untll the
present day (1874).
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Volume Two consists of 767 pages of tables which present stature, complexlon,
age and dlsease In relation to each other and to such other factors as native and
forelgn birth and geographical (U.S.) origin. The N (number of subjects) is given
for each table. For example, Table I 1s entitled: "The Relation of Height, Glrth of
Chest, and Expansion of Chest by States and Congressional Districts - American-born
White Men - Number Examined 315,620."

Bibliographic references are given for data presented in the section on history
of anthropometry.

TABLE 19 - 1

Record of Observations of Mean Physical Qualities of Certain Races of Men,
: From Various Authorities.

Nativity or race. Mean age. Mean height. M:}t:::{mnco

UNITED BTATES: Years. Inches. | Metres. | Imokos. | Millimet.
Whitonathves .......coouivnioiiiiiiricinneiianans A.01 67.36 L7 |eeeveiiciounai ] 1
23,94 67,05 1.703 34,99 « 884 2
64,20 1732 Jovennencfonencnann. 3
67,00 1.702 33,97 862 | 4
. 67,81 L7 36,14 917 5
25,62 07,34 1.710 .43 874 [
67,22 1.507 35. 69 906 7
24,09 67,90 |.......... U o I -}
20,39 67.30 1.709 32.49 825 9
............ 67,67 L7 33. 42 848 | 10
26, 96 67,35 1.711 33.63 854 [ 11
............ 67,41 L712 B.17 842 |12
............ 67.93 1.72 33.68 55 |13
COlOTCA MBN -« ceeiicnntaoncsnvnee sesnns samnenans T B 7T 1. 696 35.91 a4 |14
............ 66, 53 1. 690 33.69 85 | 16
23.30 66, 39 1. 686 32.84 834 |16
8,00 61,22 1. 555 33.29 845 |17
Indians ..o et i i e tre s rrae s ean e b e, 67.07 1.7% 37.49 962 |18
........... 67.93 1.7%5 34.07 865 |19
32, 00 73.82 1.875 36.25 920 ] %0
Al adnlts 66.95 L701 |.......... I 1

BRITISH AMERICA:

Whito Datives «..co. iiuiivaitiiiiee i i, 26, 53 66.91 1.700 34.38 873 |22
24,98 G714 Joouean ... SP R
............ 67. 01 1702 33,38 B47 | AU
4.9 67,06 1.703 32,67 829 |2
25,24 67.13 L705 33.55 82 | 9
ENGLISHMEN. .......ccovv vanune s beaeescensasr e 19.95 66. r0 1.697 |oeeeoeains YSSS k4
88
2
0
|
4.3 =
24,00 .| 34
........... BE )
27.36 36
.89 -4
BCOTCHMEN . ....cctvtinmienctnenrannsiorasracneeenec b Adults ....| 67,90 1725 | 3.8 | 1012 |38
. 23to 45 67,72 -1 | R RN MR I ')
25,00 64.30 L35 |oeeeiiiioeaana. | 40
28,91 66,94 1,200 34.67 880 |41
2.2 67.26 L7088 |eveemisscfoceinnana) 42
18 to 45 67.07 1.704 33.84 860 |43
IRIBHMEN .......cooavnvnmue re temeneerensoesrnenanane . 25,00 69, 20 L758 |ieeeencnen e aeenee.| 44
2toad ..........Loooo L ecenrenoene IR Y |-
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TABLE 19 - 1 (Continued)

Mean weight.

Pounds.
1 148,29
2 147.50
3 PO
I 1
H 1339, 49
6 144. 83
7 142, 80
Bleeaver ceeens
9 136, 05
101..... Paen.
| § O S
| E 2
[ 15 21 IO,
14 147. 47
| -3 DO,
16 141,67
| v A D
18 161.84
| LN O
b U U
b B RS
P~/ SO
P2 3 EO
b N
25 138,69
2 |eeeevenrcnen
a 131.00
8 143.00
P 1
30 |eeeeveannn-.
31 138. 06
32 148.41
34 138. 46
57 P,
36 135, 64
F 7 TN
U P,
39 148,69
40 144.03
L) U PR
42 |ieeecvsanaan
43 |ceevennnnnn
44 1565. 00
40 137.98

Kilos.

...........

Authority.

CoOLIDGE.! 1,537 recruits; 1839 to 1855,

ELLIoTT.? 1,700 soldiers of the Arm, of the Potomace ; no reerats inclnded.
ErvLtorr.® 25,878 volunteer recruits.

TripLERA 150 recruits; 1853 to 1855,

ALLEN.S  Students at Amberst College from 1861 to 18G9.

GouLp.® 8349 soldiers; all volunteers.

Gourp.” 12,751 s ldiers; all volunteers.

GouLp.® 833,260 soldiers ; descriptiobs obtained from State archives.

THE PRESENT WORK. 6,359 accepted men.

THE PRESENT WORK. 313,620 men, both accepted and rejected.

THE PRESENT WORK. 196,920 accepted men.

THE PRESENT WORK. 29,930 men from New England, both accepted and rejected.
THE PRESENT WORK. 77,665 men from Ohio and Indiaua, both accepted and rejected.
GouLp.Y 1,709 soldiers; all volunteers.

THE PRESENT WORK. 25,828 men, both accepted and rejected.

THE PRESFNT WORK. 377 accepted men.

.| QUETELET.?® Number of observations not given.

GouLp.® 456 Iroquois Indians.

THE PRESENT WORK. 121 Indians accepted as volunteers.
QUETELET.”? An O-jib-be-wa chief of fine proportions.
MAaJOR-GENERAL LEFROY.? 33 Chippewas.

.| GouLp."* 588 volunteers in United States Army.

GouLp.’» 38,018 volunteers; descriptions obtained from State archives.
THE PRESENT WORK. 21,645 men, both accepted and rejocted.

THE PRESENT WORK. 589 accepted men.

TBE PRESENT WORK. 14,954 accepted men.

ENGLISH ARMY MEDICAL RePORTS !8 for 1869 and 1870; mean of both reports. These are
recruits only.

A, 8. THOMBON.YT 628 soldiers of Fifty-eighth Regiment.

Boyp.!'* Civilians; the mean has been calculated of his entire range.

.BoupIx.® Soldiers.

BeEDDOE® 9,187 men: 7,119 civilians and 2,068 soldiers; includes, also, 8 few men
from Wales.

CooLIDGE® 3,439 men in Uni.ed States Army.

.| GoeLD.® 30,037 volantesrs: GoOUuLD.” 306 volunteers.

DansoN.¥ 1,500 men from civil life.

THE PRESENT WORK. 16,196 men, both accepted and rejected.
THE PRESENT WORK. 454 accepted men.

THER PRESENT WORK. 10,103 accepted men.

EpIN. Map. aND S8URG. JOUR® 5731 men. See ante, p. Ixix, for remarks on dimensions of
the chest.

BEDDOE.® 1,082 men taken without selection : 1,423 civilians and 539 soldiers.

ForBES.™ 829 students of University of Edinburgh; vy for weight of clothes, and 1 inch
for thickness of soles of shoes, have been deducted.

GouLp.® 81 Scotchmen in United States Volnuteer Ariny.

GouLp.® 7,313 men. Descriptions obtainrd from State archives.

THE PRESENT WORK. 3,476 men, both pted and rejected.

ForBes.® Students and civilians.

Beppog® 1,616 men, taken withoat selection ; nearly all soldiers,
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TABLE 19 - 1 (Continued)

- " Mean circumferenco
Nativity or race. Mean age. Mean height. of chest.

Years. Inches. Metres. Inches. | Millimet.

IRISHMEN—Continued...... .cccvcevurnnnn... P P, 66. Y2 1.700 |.. e 4G
29.24 65. 66 1. 668 3- 1 892 | 47
26. 51 66.95 T {17 R PO FRUURU PP
ceevenaenaa) 66.74 1.695 33. 77 857 1 49
26. 80 66. 59 1.691 33.12 841 ino
0,22 66.75 1.695 33,82 88 | 5t
FRENCBMEN. ..coiett catiaeecierneiomecnens connneen 20 63.58 1.615 |..........

52
20 65. 16 1,655 | eovnvnninlienenn... 53

20 65.12 ¢ 1.6 |........iiivien.....l B4
Adults ....| 65.75 1.670 |....eocoiifeeniiaan | B
Adults....| 66.10 L679 |.ooiiifiiiii ] B8
Adulta....| 64.96 | 1.650 |..........|..........|57
30.50 64.84 1.647 34.61 878 | 58

30 66. 10 1.679 35.43 8099 {59
ceneenieena.| 66,28 1. 684 33.78 857 | 61
(1]

27 74 65. 66 1. 668 .30 871
BELGIANS ...... covenean oot amececanes cameesanenne mons weeessea-ee-| 64,68 1643 {o.oieiaiii]enenen...| 63
GERMANS oo it it tiaciec caeetonancvsnnenannn weroeae-ne| 65,15 1.655 [.oeeiieailivenae L. 64
29.76 66.17 1,681 34,72 881 | 65
Q.34 66. 66 1L.693 |.oceeer e aenanaat. 66
........... 68.11 1.730 |..oo...... ...l 67
............ 66. 54 1. 690 33.88 860 | 68
30.10 65.98 1.676 33.05 839 | 69
31.03 66.51 - 1.689 33,97 862 | 70
AUBTIODS. .o it creaer cheniiienceactaaceancs ey anan 5. 90 | W 27| J RN P 71
2% 0] 1T 2RO PN PO 67.40 LI Joeer neefrnaaneaan. 72
BAVATIBOR. .eieer cemcecccanan crcesansscosonnensensnfonoace cnonne 64.72 1.644 ..ol iifeeiiiaan.. 73
ITALIANS . oot iiiee cemencncacncvcecrsanceeneceneesfooneneoennas 14 I L7035 Joceeeniaic]en- e ones 74
..... .00 i 1.676 33.40 848 |75
CHINESE. .. oottt ticee cieeceeeiecee meeeeacencaaea ]| Adults ....| 65,76 l 1. 670 33.93 846 | 76

! .

1 Statintical reportof sickness and m.ortality in U. 8. Army from 1839 | S Army med. reports for 1969, p, 51 ; for 1870, p. 44.
to 1853, 4to, Washington. 1836, p. 632, V? Qbservations on stature of N. Zealand race of men, Geogr. Soc.

'Mlltllﬂl statistics of United States of Amevica, 4to, Berlin, 1663, pp. | Jour., vol. xxvii, pp. 87-92, London, 1¥33.

1 'l‘l'n:i” . " 26“ Tables of the weu]ht of the humsn body, Philoa. Trana., 1861, pp. 241-
Pp-1o. 9
4 M.: nual of w.edical oftcer, mmo, \Washiogton, 1866, p. 2 19 Etudes ethnologiques sur la tai'le et le puids de U'homme, Recueil de

8 Phynical cul ure in Amherst College, 8va, Lowell, 1869 ; lp]’)l mdix. | mém. de méid, ote, B eér, toix . 102,

S Inrextinat.ons in_the military and anthropological stutistice of Ay, er [ 2 O the stuture and dulk of man in the British Is'es, Bvo. London,
fean soldiers, ¥vo, Now York, 1869, pp. 276-279, 402. 1570

? jbid., pp. 446-447. N Op. cit, p. 632

P Lid | p. |04 2 0Op. cit., p. 105.

? Jbid., 2 Op eit., pp. 279, 280,

1. Anthropomét:w. 8vo, Paris, 1871, p. 333, ™ Statistical ohservations relative to growth of human body, Jour, Sta-

"Op cit 53, tist. Soc., vol. xxv, pp. 20-26. Londaen, 1862,

2 Op. ilb "Vol xnl, p- 263.

::.IourdE no}'go;’sbondm April, 1870, ot 8;;] g ; calculated from the mlnlen WM nt 000

L. pp 4 regulls of experiments on weight, and strength

to); 104, éndividuals, Rop. Brit. Assoc., 1836, part II, P- 38 v
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TABLE 19

1 (Continued)

l Mean weight. Authority.
=
Pounda. | Kilos.
46 ... ...... | R i TripLER3?  Recruits, 1853 to 1865,
47 e ¢ GouLn® 827 soldiers.
A8 et ies i e GotrLp.» 83,127 volunteers,
1 R THE PRESENT WoRK. 50,537 men; both accepted and rejected.
50 136. 46 61,90 | THE PRESENT WoRK. 1,417 accepted men,
51 fee.. .. R D, THE PRESENT wWoRrk. 30,412 accepted men.
30 O HARGENVILLIERS.®  Conscripts, prior to 1816
[ 3 P P, CHENU.% 3,300,000 conscripts, from 1830 to 18365,
54 |.... ... B Boupina® 848,606 consceripts, in 1461 and 1862.
;% I veeeeee...| Boupix3 Entire army.
56 142. 90 64.50 1 BoupIN®  Chassenrs d cheral.
[s% 2 R P Broca% Estimate of adult male population.
o8 143,20 $4.96 | BErNArD.# 400 chasscurs & pied of the gnard.
59 HL10 64.00 | Arrateie# 730 chassenrs é cheval of the gnard.
60 [. ........ofeieeee oo | TRIPLER.®  Recrnits in United States Army from 1853 to 1855.
61 |- oo coiiiiifees oo ooo ] THE PRESENT WORK. 3,243 men, both accepted and rejected.
62 (.caceieia]-ieaai o] GorLp 4 100 volunteers in United States Army.
63 |eeeeneanani]oranenneo]| QUETELET.S. 10,400 soldiers.
64)............]-.........]| TRIPLER.%® Recruits in United States Army, from 1833 to 1855..
65 [.ceieneenii oo ol GorLD#? 562 volunteers in United States Army.
66 |--cccaneneificnans ....| GovLp# 89,021 volunteers; descriptions obtained from State archivea
67 [-veveeneiil]ei e en oLt ZEISING.# Citizens.
68 |.-eieeeeiiiilonneeat .| THE PRESENT WORK. 54,944 men, both accepted and rejected.
69 136, 43 61.91 | THE PRESENT WORK. 1,343 accepted men.
90 ... .o l]-. .. ......] THE PRESENT WORK. 30,943 accepted men.
Y |eeveneeeaiad oo o] LIHARZIKS 300 picked men.
72 |eeeeeiniaiidfeiania o] CarusS®  Citizens.
73 145,43 65.97 | MEYERS? 12,740 men drafted for the army.
74 |-cceeeeee it . <o .. .| BoD10. 100,000 conscripts for army.
75 |eeeevenenceeeioe o] THE PRESENT WORK. 339 men, both accepted and rejected.
76 129. 34 58.67 | BRIGRAM.® 150 men returning to China.
» Op. cit., pp. Tit, 280, seury @ cheral de la garde, Recueil de mém. de méd,, eto., 3aér., t. x, p.
B Op. eit, p. I 3. 161, Paris, 1843,
B Op.cit., p. 4 "Op eit., p. 1L,
31 Op. cit; calculau-d from tablea. 4 Op. cit., pp. 279, 20,
2 0p. cit, p. H. 8 Surlho  neetle déiveloppement de ges facultés, 2., 8vo, Paris, 1835;
"Opntppn'lzao tuppllll..
3 Op. eit, p. 105, % Op.cit., p. 11
“Recherches et considérations sur la formation et lr yecrutement de ' 47 Op cit., p]\ 270920,
Uarmée en France, Bvo, Parin, 1817, pp. 52, 65, P Op e, p. WG,

% Recrutement de Uarméc et tion de la France, 4to, Panix, 1867,

3 Recueil de mém. de néd | chir., ete.. 3 nér., t. ix, p. 184

80y, cit.

B Op. cit.

® Jlecherches sur I ethnologie de la France, §vo, Paris, 1860,

4 Etudes sur la taille et le |pmd8 du soldat fmngau Recueil de mém.
do méd., chir. et pharm. wilitaires, 3 sér., t. xx, . 371, Paris, 1863,

tudes surla taille et le poids de Uhomme dans le regiment des chas- |
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® Die mc(amorphmrn in den verhdlinissen der menschlichen gestalt
folio, Bonn, 1630, p, 123,

8 Das nesetz des wachathumex und der baw deg w.enschen, folio, Vi
enna, 1262,

81 Die proportionslehre der senschlichen gestalt, folio, Leipeio, 1654

8 gerztiiches intel igenz-b att von Bayern, 1863,

8 Bull. de UAcad. roy. de Belgique. 2'sér , t. xxvii No.a, 1869.

M Proc. Boston So¢ Nat. Hist., vol. xi, p. 98.
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20. Daniels, G.S., H.C. Meyers and E. Churchill. Anthropometry of Male Basic
Trainees. WADC Technical Report 53-49, USAF, Wright Air Development Center, Wright-
Patterson Air Force Base, Ohio, July 195%, (ASTIA No. AD-21105).

Body slze data for 60 measurements of over 3,000 Air Force male basic trainees
are presented for use by alrcraft and equipment designers.

The statistics reported for each measurement are: the mean, standard deviation,
coefficlent of variation, standard errors of these statilstie¢s, range, and selected
percentiles from the first to the ninety-ninth. In general, the statistics are re-
ported 1In both the metric and English values.

A complete deébription of the anthropometric techniques used is presented.

The measuring for this study was limited to basic trainees primsrily because the
greatest 1issue of clothing items to personnel has taken place during basic training.

Measuring of subjects was performed between 10 July and 1 August 1952. The in-
formation has been recorded on IBM punch cards which are filed in the Anthropology
Sectlon, Aero Medical Laboratory, Wright Air Development Center.

Age ranged from 17 to 36 years, with 87.84% in the 17-20 year range. The mean
age for the group was 18.94 + .03 years.

A bibliography and index are included.

Table 20-1 presents essential dimensional data from the report.

2l. Daniels, G.S., H.C. Meyers and Sheryl H. Worrall. Anthropometry of WAF Basic
Trainees. WADC Technical Report 53-12, USAF, Wright Air Development Center, Wright-

Patterson Air Force Base, Ohio, July 1953, (ASTIA No. AD~20717).

Body size data for 6% measurements of B52 Women's Ailr Force basic trainees are
presented for use by the designers of Alr Force Equipment. In the original report
the statistics, for most measurements, are reported in both metric and Englilsh

values.

A complete description of the anthropometrie¢ techniques used is presented. For
each measurement, a title, written description, and a graphle description are given.
The data include the range, number of subjects, mean, standard deviation, coefficient
of variation and selected percentile values from the first to the ninety-ninth.

This study of Air Force women has been restricted to basic trainees because the

greatest 1asue of clothing iltems to WAF personnel has taken place during basice
training and because only at the basic training center were sufficient concentratims

of subjects avallable.

Measuring of subjects was performed between 17 July and 1 August 1952. The in-
formation has been recorded on IBM punch cards which are filed in the Anthropology
Section, Aero Medical Laboratory, Wright Air Development Center.

Age ranged from 18 to 3l years, with 767 in the 18-20 year range. The mean age
for the group was 19.79 + .09 years.

A blbliography end index are included,

Table 21 - 1 presents essential dimensional data from the report.
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22. Dantels, Gillbert S. and H.T.E. Hertzberg. Applied Anthropometry of the Hand.
American Journal of Physlcal Anthropology, Volume 10, New Series, Number 2, June
1952, pp. 209-215.

"With the advent of high speed aircraft, the need for greater centralization of
alrcraft control has gradually resulted in the placing of many of the control func-
tions of the fighter airplane directly on the stick grip.

"Previous grips...have been designed by englneers with prime consideration being
given to the mechanlcal nature of the problem. ...The problems of slze and comfort,
and indeed, operational ease, have generally been consldered as secondary design
features. We have attempted in the present study to reverse this design procedure
by considering first the man who is to use the stick grip. In addition, we have at-
tempted to produce information directly usable by the englneer, and to this end the
English system of measurements has been used for all items directly relating to
design. g : :

A1l the subjects in this study"...(N = 79 except as indicated differently)...
"were trained Air Force pllots, and the anthropometric data collected on this series
corresponded well to the larger sampling of anthropometric data gathered in the 1950
Alr Force Anthrdpometric Survey... . The hand study group had an average age of
28.9 years compared to 28.8 years for the pilot group of the Anthropometric Survey
subjects. Heights and weights were both slightly higher for the smaller group --
177.5 em and 171.7 lbs. corresponding to 176.L cm and 165.7 1bs. for the larger
pllot sample. In the Survey these heights and weights were actually measured, while
the hand study subjects merely reported them verbally. ...Results of this study are
considered appllicable to the Alr Force pilot population in general. ...We conducted
a primary study to determine, first, a 'meutral' position for the mid-saglittal plane
of the grip in relation to the centerline of the aircraft at which the combination
gripping right hand and stick grip would be so that the wrist would be in a neutral
or rest position. Concurrently with this, we gathered data on range of rotation of
the hand on the wrist in the cockpit situation."” To obtain the necessary measure-
ments on wrist rotation and hand grip contour, two pieces of apparatus were devel-
opeds +.."The final evaluation of the grip willl be determined by submitting a work-
ing model of the proposed grip to a series of pilots for comment."

The article is six pages long, including two tables and four figures. There are
no bibliographical references. The data are included in this annotation.

TABLE 22 - 1

Configuration of the Hand in Gripping

BARE HAND (XN = 31) GLOVED HAND (N = 30)

Mean Range - Mean Range
Heel of hand width (inches) 14 1.1- 1.6 1.3 8- 1.6
Palm-metacarpal I angle 56.6° 38° -71.3° 60.3° - 47°-75°
Metacarpal I length (inches) 1.8 1.1- 2.1 1.8 1.0- 2.4
Metacarpal I — first phalanx - : ' ‘
I angle - , 58.4°  45° -73.3° 59.1°  40° -75°
First phalanx I length (inches) .7 3- 11 e e
Thumb length (inches) 2.1 1.6~ 2.5 cee e
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23. Diehl, Harold S. Height and Weights of American College Men. Human Biology,
Volume 5, No. 3, September 1933, pp..LL5-UTT.

This study tabulates and analyzes "the records of the ages and the stripped
heights and weights of 23,122 college men (during the academic years 1928-29 and
1929-30), approximately equally distributed among ten colleges and universities in
diffevent parts of this country” (Princeton, Yale, Stanford, California, Texas,
Minnesota, Cincinnati, Cornell, Wisconsin and the College of the City of Wew York).
"The original purpose of the study was to bulld tables of average weights, according
to age and height, for college students and to compare these averages with those
given in the medico-actuarial tables now used as standards. 1In additlon to this,
however, these college students have been compared as to height and weight with cer-
tain other male groups of the population; and on the same basis the students of the
several colleges and universities have been compared to each other.

YOnly students from 16 to 21 years of age were included in the tabulations be-
cause the numbers of individuals at other ages were relatively small.

"It appears from these studies that college men attain maximum growth in helght
several years earlier than men in the general population and at each age studled the
students are distinctly taller than the men in the groups with which 1t was possible
to compare them; namely, men in citizens'military trailning canps, applicants for
life Insurance and army recruits.

"In weight also the college men exceed the men in these other groups, although
the relative differences in welght are not so great as the differences in height.

"The table of graded weights according to age and height of the college men
shows certain significant differences from the weights given in the medico-actuarial
table but, since these differences are less than the standard deviations of individ-
ual cases in the various groups from the means of these groups, elther table may be
conslidered as reasonably satisfactory for general use, provided that the possibllity
of normal individual variations is kept in mind." This table is presented in the
amotation as "Smoothed Average Weight-College Men."

"Distinct differences exist in the helights and the welights of the several
colleges studied. In height, the students of the private colleges, Princeton, Yale
and Stanfcrd, exceed those of the state universities and the students of the state
universities in turn are taller than the students of the municipal universities
studied (College of the City of Wew York). In weight, a similar general grouping of
institutions is found, &l though a certain amount of shifting of positions of indivi-
dual colleges and universities occurs,

YThe conditions specified were that age should be recorded in years and month or
in years to the nearest birthday, that height should be measured without shoes, by
means of an arm projecting at a right angle from the vertical plame and sufficiently
firm to give accurate readings, that height should be recorded in inches and frac-
tions of an inch; that welght should be recorded in pounds and fractions of a pound.
If an gxamining gown was used the wsight of this was deducted from the total weight
given.

The article's 3L pages include 1% tables, 10 figures and a bibliography of 21
items. The summary table giving ages, helghts, weights and standard deviatilons,
the tables of comparative heights and welghts of young American men, and the table
of smoothed average weights are included in this annotation.

TABLE 23 - 1

Comparative Heights of Young Amerilcan Men

MEDICO-ACTU- MEN IN CITIZENS
MILITARY TRAIN- ARMY RECRUITS

AGE  COLLEGE STUDENTS o000 poo s
ING camps T

16 67.48 + .08 65.00 + .11 669z2*x.03  ..........
17 68.30 + .03 66.23 = .06 67.40 .01 ..........
18 68.72 + .02 66.81 * .04 67.79 * 01 66.90 :x .01
19 68.82 + .02 67.23 + .03 68.07 % .01 66.97 + .01
20 68.79 = .03 67.34 = .03 68.10 = .02 67.02 *+ .02

21 68.77 = .04 67.50 = .02 68.16 = .02 67.33 % .01
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TABLE 23 - 2

Smoothed Average Weight--College Men
(Medico-actuarial Weights in Parenthesis)

HEIGHT AGE

16 17 18 19 20 21

4 feet- 8inches o4 96 o8 100 101 102

4 “-9 74 100 101 104 105 106

4 “-10 “ 100 103 104 107 108 109

4 “-11 “ 104 106 108 110 1331 112

§ “-0 “ 107 110 112 113 114 115
(109) (111) (113) (115) (117) (118)

§ “-1 “ I 113 118 117 18 119
(1) (113) {ng)  (17) (119)  (120)

§ “-2 Y 114 116 ¢ 120 131 122
(114) (116) (118) (120) (122) (123)

§ “-3 “ 17 119 121 123 125 126
(117) (119) (121) (133) (125) (126)

§ “-4 % 121 123 125 127 128 129
(120) (122) (124) (126) (128) (130)

g “-85 “ 124 126 128 130 131 132
(124) (126) (138) (130) (132) (134)

5§ “-6 “ 128 130 133 133 135 136
(128) (130) (132) (134) (136) (138)

5 “-7 “ 13 133 135 136 138 139
(132) (134) (136) (138) (140) (141)

5 “-8 “ 134 137 139 140 141 142
(136) (138) (140) (142) (144) (145)

5 “-9 “ 138 140 142 143 145 146
(140) (142) (144) (146) (148) (149)

§ “-10 “ 141 144 145 146 148 149
(144) (146) (148) (150) (152) (153)

s “-1m * 145 147 149 150 151 153
(149) (151) (153) (155) (156) (157)

6 “-0 “ 148 150 152 153 155 156
(154) (156) (158) (160) (161) (162)

6 “-1 *“ 151 154 156 157 158 160
(159) (161) (163) (165) (166) (167)

6 “-2 “ 15% 157 150 160 162 164
(164) (166) (168) (170) (171) (172)

6 “-3 “ 158 161 163 164 165 167
(169) (171) (173) (175) (176) (177)

6 “-4 “* 162 164 166 167 168 171
(174) (176) (178) (180) (181) (182)

6 “-5 " 165 167 169 170 172 174
(179) (181) (183) (18s5) (186) (187)
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TABLE 23 - 3

Summary Table--Male Students of All Colleges

AGE MEAN STANDARD DEVIATION PARTIAL STANDARD DEVIATION Twt.ht. WNO. CASES
Of height  Of weight
Height Weight Height Weight with weight  with height
held constant held constant
16 67.48 £ .08 13370 £ .49 289+ .c6 18.11 % .35 2.43 + .05 15.23 * .05 + .5408 + 0103 610
17 68.30 +.03 138.16 + .21 271+ .02 1783 .15 232 .02 15.20 * .02 -+ .5140 = .0087 3244
18 68.72 * .02 141.00 X .14 264+ .01 18.08 %t .10 2.29 =+ 01 1567 * .01 + .4985 % .0059 7368
19 6882+ .02 142.45 % .15 2,62+ .02 17.61 * .11 2.28 + .01 15.35 == .01 ~+ 4809 = L0063 6311
20 68.79 = .03 144.05 * .20 271 02 18.10 * .14 2.34 = .02 15.64 + .02 4 .5037 = .0084 3613
21 68.77 .04 144.87 = .28 2.56 .03 1848 + 20 222 % 02 16.06 % .02 + .49047 X 0115 1976

Allages 6868 + .01 141.65 = .08 268 x .01 18.11 % 06 231 % 01 15.26 + .01 + .5056 = .0033 23122

TABLE 2% - |

Comparative Weights of Young American Men

MEN IN CITIZENS

MEDICO-ACTU- ARMY RECRUITS
AGE  COLLEGE STUDENTS ARIAL DATA * Mn;:;r:n; -::Sm- 1006-1015
16 133.70 = .49 121.71 + .51 12800 .10 ..ii.iiaees
17 138.16 =+ .21 129.91 * .27 13070 .07 ...oiieene..
18 141.09 * .14 135.62 *+ .17 134.39 * .07 13497 & .06
19 142.45 =+ .15 139.44 *= .13 137.71 == .09 136.26 %= .08
20 144.05 =+ .20 130.77 % .10 130.85 * .11 138.13 =% .10
21 144.87 = .28 141.53 * .07 140.87 £ .15 141.17 .03

* Corrected for weight without shoes or clothing by subtracting 4.46 pounds
from the mean weights with clothing as computed from medico-actuarial data.

2. Diehl, Harold S. The Hoights and Weights of American College Women. Human
Blology, Volume 5, No. L, December 1333, pp. b600-628,

In this study, age, height and weight data of 17,127 American college women be-
tween 16 and 21 years of age have been collected and analyzed.

"The primary purpose of assembling these data was that they might be used to
test the sultablility of medico-actuarial tables (Medico-Actuarial Investigation.
The Association of Life Insurance Medical Directors and the Actuarial Society of
America) of 'normal' weights when these are used as standards for college students.
The plan of procedure was to build from these data tables of average weights for
college students and then to compare these averages with those given In medico-
actuarlal tables... . For women such data were received from Cornell University,
Leland Stanford University, Michigan State Normal College, University of Minnesota,
North Carolina College for Women, Smith College, University of Wisconsin and the
University of Texas.

"The specifications for the collection of these data for women were that the
measurements should have been made during the academic years 1928-29 or 1929-30;
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that the students should have been weighed and measured wearing only an examining
gown of known welght; that standardized measuring instruments and techniques should
have been used; and that measurements should have been recorded according to the
method described for college men {Diehl, Harold S. Height and Weights of American

College Men.).

"The average helght of these college women is 6%.75 + .OL inches; and the
average weight, 120.69 + .09 pounds. -

"No growth in either height or weight occurs in these women between the ages of
16 and 21 years.

“"College women apparently are taller at least from 16 to 21 years of age than
the women from whose heights and weights the medico-actuarial tables were computed.
The weights of the college women, however, are lower except at 16 years than the
welghts given for women in the medlco-actuarial tables.

"A comparison of a table of graded averapge weights of college women with the
medico~-actuarial table for women indicates that the medico-actuarial table will
serve as a reasonably satisfactory standard of weight for college women if the col-
lege women are welghed and measured without shoes and clothing. However, if shoes
and :lothing are included, as they were in 1life insurance examinations, the medico-
actvarial tables become 5 to 10 percent too high for college women. The average in-
creare In the helght of 910 University of Minnesota women due to the wearing of
shoes was found to be 1.73% + .01 inches in September 1930, and the average weight of
their shoes and clothing to be 2.49 + .02 pounds.

"The coefficient of varilability indicates that approximately one-third of all
these college women vary 13 or more per cent from the average, or so-called 'stand-
ard', weight. This makes necessary a new definition of 'normal! variability in

welght.

YA comparison of the statistical constants for women with those for men indi-
cates that college men are taller and heavier than college women of the same age;
that at 16 years of age men are relatively slighter than the women; and that college
women reach maximum growth in both height and weight several years earlier than do
the men.

The article's 28 pages include 22 tables, three figures and a bibliography of
six items. The summary table glving ages, heights, weights and standard deviatilons,
tables of sex differences in helpghts and welghts of college students, and the table
of smoothed average weights are Included in this annotation.

TABLE 2} - 1

Summary Table-~Women Students of A1l Colleges
PARTIAL STANDARD

MEAN STANDARD DEVIATION
, DEVIATION
AGE Of Height Of Weight Fuiar. NO. CASES
Height Weight Height Weight with Weight with Height
held constant held constant
16 63.82+.06 120.047.45 2.27:+.04 17.77%.32 207429 16.17%.29 —+.4150%.0211 702
17 63.60+.03 11085+.19  2.29-.02 16.84+.13 201402 15.49:+.12 +.39224.0094 3676
18 63.69%.02 120.724.15 2.34%.01 17.33%.11 2.13+.10 15.74=+.10 +.4181:+.0072 5901
19 63.86+.02 121.03+.18 2.:27+.02 16.71+.13 2.06%.13 16.71%.13 -+.4199=t.0000 3838
0 63.85*.04 121.74%.27 2.35+.03 17.99%.19 2.11+.17 16.16+.17 +.4398+.0123 1049
i 63.74+.05 120.73+.36 2.331.03 17.50+.26 2.13+.24 16.26x.24 “+.4037t.0173 1061

Al osees 637501 120.69+.09 2.33%.008 17.10%.00 2.114+.06 15.512.06 “+.4215+.0042 17127
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TABLE 2, - 2

Smoothed Average Welghts--College Women--(Medico-actuarial

Welghts in Parentheses)

P

HEIGHT Ace
16 17 18 19 20 21
feet- 8 inches .... 06 97 97 97 97 97
¢ (102)  (103) (104) (108)  (106)  (107)

4 feet- 9 inches ....

o8 1 00 100 100
(100) D (r05)  (106)  (1ep) - (x08) © (109)

feet-10 inches .... 101 102 103 103 103 103
‘ (106)  (107)  (108)  (109)  (110) (111
eet-11 inches .... 104 10 106 106 106 106
¢ foct:2y Hache (108) " (100)  (110)  (uxr) (axz) . (a3)
feet 108 109 100 109 109 109
5 e (109)  (xrx)  (112) (113) (114)  (n15)
s feet- 1 inch 134 ¢ 112 113 112 112 113
(rr1)  (113)  (1x4)  (n1s) (116) (117)
s feet- 2 inches .... 114 11§ 11 115 115 11
(1ig)  (116) (117)  (118)  (119)  (120)
s feet- 3 inches .... 117 ns us ns ns n8
(1r17)  (r19)  (120)  (121)  (122)  (133)
s feet- 4 inches .... 120 121 122 122 122 122
(120) (122) (123) (124) (125) (136)
s feet- 5 inches .. 124 124 125 125 126 126
(124) (1285) (126) (127) (128) (129)
5 feet- 6 inches .... 127 127 128 128 129 129
(128)  (129)  (130)  (131)  (3133)  (133)
5 feet- 7 inches .... 129 130 131 131 132 133
(132)  (133)  (134) (135)  (136)  (137)
s feet- 8 inches .... 132 133 134 135 136 136
(136)  (137)  (138)  (139)  (140)  (141)
s feet- 9 inches .... 135 136 137 138 139 130
(139)  (x40)  (141)  (142)  (143)  (144)
feet-10 inches .... 138 139 140 141 142 142
’ (143) (a) - (a8) T (1B) () T (148)
s feet-11 inches .... 141 142 143 144 145 146
(148)  (x49) (150) (3x51)  (151)  (153)
6 feet 144 145 146 147 148 149
(1s3)  (154)  (158)  (355)  (156)  (156)
%5
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TABLE 2, - 3 TABLE 2l ~ L

Average Welghts-College Women-Apge 21 Years Sex Differences in Helghts and Weights
of College Students

HRIGHT  MEAN WEIGHT 8.D. cw. Nmbf:“f,er cent A. Height
AcE COLLEGE MEN COLLEGE WOMEN

56 102830 0 aienieeons 2 .19 MEAN mEIGHT MEAN BEIGHT 3 *

57 89.00+2.48 8.2a%175 9.24 [ 47 16 years ...... 67.48:+.08 63.82+.06 3.66:+.10

8 101.67+2.97 7.63%2.10 7.50 3 28 17 years ...... 68.30=+.03 63.69+.03 4.70+.04

59 105.04742.43 14.40:+1.72 13.50 16 1.51 18 years ...... 68.72+.02 63.60t.02 5.03+.03

60 110.29+1.26 13.34% 89 12.10 st 482 oovers ... 688202 63.86:+-.02 s.04+.03

61 113.86%1.20 1786 85 15.66 101 055 0 yeAs ...... 68.79:+.03 63.85+.04 49405

6a 115.00 .89 15.52:+ .63 13.50 138 1304 OF YOATS ... 6877:+.04 63.74.05 5.03+.06

63 117.08% 71 1470% .50 12.46 103 18.24 All ages ...... 68.68+.01 63.75%+.01 4.93+.02

64 122.41% B2 1572+ 58 12.84 166 15.69

65 125.07% .95 17.23% .67 13.78 150 14.18

66 124.40+ .00 1538+ 70 12.36 109 10.30 B. Weight

67 132.05:+1.30 1571 92 11.82 66 6.24 G COLLEGE MEN COLLEGE WOMEN

68 131.70%1.80 17.49::1.34 13.27 30 360 MEAN WEIGHT MEAN WRIGHT DIFFERENCE

69 128.57+1.89 10.46%1.33 8.14 14 1.32

16 years ...... 133.70%.49 120.04:+.45 13.66+.67

70 149.00:+4.70 15.57+3.32 10.45 5 47 17 years ...... 138.16+.21 119.854-.19 18.31=.28

n 18250  ..eeeeeaes 2 29 18 years ...... 141.00:+.14 120.72:4.15 20.37+.21

72 170 iieeieeees 1 00 19 years ...... 142.452-.15 121.03+.18 31.42+.23

20 years ...... 144.05+*.20 121.74%.27 22.314.34

Mean Hit. 21 years ...... 144.87+.28 120.73%.36 241445
65.74=.08 120.73% .36 17.50+ .26 14.50 1061 vee. Al ages ..., 141.65+.08 120.69:+-.09 20.96:+.12

25, Geoghegan, Basil. The Height of R.N. Male Personnel. R.N.P. 5%/723%, O0.E.S.
. 227, Report prepared for the Operational Efficiency Sub-Committee of the Royal Naval
Personnel Research Committee, January 1953.

Purpose: To estimate the mean helght and the distribution of height in R.N.
male personnel.

Subjects: N = 399 men from the complements of H.M. Ships "Excellent", "Gabbard"
and "Wave", together with some R.N. personnel on duty at Oxford.

Results:
Centimeters Inches
Mean height 1720 679
Standard deviation 6.35 2.5
Truncation point selected 165.95 65.3%
N (original sample) 399
N (after selection) 2l

The distribution of these heights about the mean was found to be truncated.
This was mainly due to a 1limit of heilght and kealth standards for R.N. personnel on
entering the Service. The solution was to take a point of truncation at 165.95
centimeters. "The necessity of testing for and making the sppropriate allowances
for g truncated distribution 1s noted in these data; it is suggested that similar
treatments should be required in the analysis of any other body dimension in a Ser-
vice sample,

YThe results closely resemble the height distribution in Kent, the West Country
end the Hampshire Basin and less closely resemble or are significantly different
from the helghts of other population groups in Britaln."

YBecause of the potentilal effect of these features in the selection of personnel

in the R.N., it seemed advisable to test the sample distribution for truncation.
+»+As the point of truncation approaches the mean the number avallable for sampling
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and the precislon with which the mean is estimated decrease, i.e., the standard
error of the mean inereases. Small differences in the calculated means and standard
deviations at the selected points of truncation are due to the relatlively small size
of the sample and 1its imperfect distribution about the mean and within the trunca-
tion point. The results of truncation at 165.95 cms. (65.3%") are selected for use
In the following table since, in the first place, this 1s the highest point of
truncation (and theoretically the most accurate) which the data can stand, as moving
the point by 2 c¢ms. would involve the loss of a further 9% (making 24% in all) of
the data. Secondly, the mean appears to agree closest with the modal value, and
thirdly, the values obtalned seem to lle between the extremes derived from other
points of truncatlon. The selection of this particular point of truncation is ar-
bitrary and naturally subject to criticism."”

This report is 16 pages long, including seven tables, two figures, a 17-item
bibllography, and an gppendix of statistical formulas. One of the tables follows.

TABLE 25 -~ 1. Tables of the percentage of R.N. male personnel Included within a
rounded range (in cms. or inches) about a rounded mean height (172.5 cms. or 68 ins.}
where the adjusted mean height is 172.3925 cms. or 67.871 ins. The difference be-
tween this percentage and the figure obtained if the sample 1s considered to be nor-
mal {i1.0., not truncated) is also given for each rounded range.

e
o]
o {8

g 852

3y YE3

§5 8.5‘
as 89
§ EREY
Mcasurement \kr' & 4
1 172.0 to 173.0 6,28 0,3
2 171.5  173.5 12,50 0,62
3 171.0  174,0 18,66 0.9
b4 170.5 1745 26,70 1,19
5 170,0  175.0 30,60 1,44
6 169.5  175.5 36,32 1.68
7 169.0  176,0 4,82 1,88
8 168.5  176.5 47,10 2,02
9 168,0  177.0 52,12 2,17

10 167.5  177.5 55,85 2,26
1 167.0  178,0 61,32 2,
12 166.5 178.5 §5,50 2;;
Cns, 13 166.0 179.0 69: 36 2-36 Cns,
14 165.5 179.5 72,94 2,32
15 165.0  180,0 76,21 2,26
16 1645  180.5 79.20 2,20
17 1640  181.,0 81,90 1,09 2-09
18 163.5 181.5 84,32 4,98
19 163.0  182,0 86.51 1,8
20 162,5  182.5 88,44 1,74
21 162,0  183.0 90,14 1,60
22 161.5  183,5 N6h 1,42
23 161,0 1840 92,96  1.29
2l 160,5  184.5 94,09  1.16
25 160,0 185,0 95,07 1.C1

% 673 6 7.95 0.2
1 673 687 15,82 0,82
1% 6 683  23.5, 1,18
2 67 69 .04 1,51
g% 26_ 2 38,22 1,80

15,08 2,0k
3 66t G e o
L 66 70 57.54  2.36
% 652 70 63.10 2,13
5 6 00 687 2

Inches 5z ] 703 72,78 2,41 Inches

6, 65 7 76,90 2,32
6z 642 P4t3 80.55 2,21
7 6 Tz 8376 2.7
Tz 6 ks 86,56 1,90
8 6l 72 88,97 1.72
8% 632 72k 91,03 1,52
2 6 722 9275 1.3
% ¢ 728 9L.20 1,47
10 63 73 95.39 1,09
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26. Gibbons, Thomas B., Irving A. Phillips, Ronsld K. Budensiek and John R. Gil-
bertson. Age, Helght, and Weight of 2173 Men Entering Recruilt Training During 1952
at the U.S. Naval Tralning Center, Great Lakes, Tllinois. Project Report NM 003
OLL.01.01, Naval Medlcal Research Unit No. L}, Adminlstrative Command, U.S. Naval
Training Center, Great Lakes, Illinols, 22 June 195% (Armed Services Technical In-
formation Agency No. AD-%79L2).

The report presents some anthropometric statistlics on 217% of the approximately
30,000 males entering the Recrult Training Program during 1952 at the U.S. Naval
Training Center, Great Lakes, Illinois. The statistics cover height, weight and
chronological age of the Navy recrults measured. Based on the data collected, the
report also shows body weizht in relation to height and age of the men.

The average recrult entering training was nineteen years old, five feet, eight
and one-half inches tall, and weighed 152.l pounds. Body welghts represented, on
the average, 105.l percent of the standard welght for height and age as given in the
Medico~Actuarial Report of 1912.

The recrults studied ranged 1n age from seventeen through twenty-five years, in
height from five feet to six feet, six inches, and in weight from 105 to 258 pounds.
Relative body welghts (actual welight as a per cent of standard welght) were from yen
to 157 per cent.

These figures are compared with previous information obtained on former draft
registrants, Army inductees, and Army separatees. In general the 1952 Navy recrults
were slightly taller and heavier, the differences being small but significant.

Navy recruits who entered training in 1952 at Great Lakes, Illinois, were taller
(by one inch) and heavier (by 10 pounds) than men registering for the 1917-18 draft,
but of the same height and welght as men who passed the 19&0—&1 draft physical ex-
amination. This report confirms the concept that midcentury Americans are physlcal-
1y larger than their forefathers.

The Navy recrult of 1952 was slightly taller, on the average, than men separated
from the Army in 1946, but weighed less. However, his relatlve body weight exceeded
that of Army inductees observed in 13493.

The subjects were randomly selected throughout the year. The pgeographical ori-
gin of the subjects was chiefly the Midwestern (66.3%) end Middle Atlantic (21.2%)
states. Measurements on thirty-five Negroes were. included in the totals, but there
was no racial separation of data. Height and body welght were recorded in the
physical examination given to all incoming recrults.

In the report there are five tables, one graph and a hibliography listing seven
references. The followiag tables present the essential data contained in the report.

27. Gibbons, Thomas B., Irving A. Phillips, Ronaid K. Budensiek and John R. Gil-
bertson. Changes in Body Weight During Recrult Training at the U.S. Waval Training
Center, Great Lakes, lllinois. Project Report NM 003 OL4L.02.01, Naval Medical Re-
search Unit No. lj, Administrative Command, U.S. Waval Training Center, Great Lakes
I1linols, 22 June 195% (Armed Services Technical Information Agency WNo. AD—579h2a3.

This report deals with the observed nutritional effects of the training program
glven to young men entering the Recruit Training Program during 1952 at the U.S.
Naval Training Center, Creat Lakes, Illinois. The authors selected subjects (N =
2173%) at random from approximately 30,000 recruits entering the Recruit Training
Program that year. Of these men, 2116 actually completed training with their ori-
gingl company in the prescribed time, serving as the net obgerved sample for the
study. Age, helght and weight of the men were the basic data. The report shows the
changes in body height and weight that occurred during recruilt training. The train-
ing period was eleven weeks.
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TABLE 26 - 1

Helght of 2173 Men Entering Recruilt Training During 1952 at the U.S. Naval Training

Center, Great Lakes, Illinoils.

Height » Age to Nearest Birth Date Total
in 17 18 19 20 21-25

Inches: % N % N 4 N % N % N 2 N
60 - - 0.7 L - - - - - - 0.2 by
61 0. 1 - - 0.2 1 o.y 2 - - 0.2 Iy
62 1.1 0., 2 0.2 1 0.7 3 - - 0.l 9
6% 1.5 E 1.1 6 0.8 1.3 b 0.8 2 1.1 23
3 5¢3 1l 2.5 1k 2.2 -13 2.6 12 2.1 g 2.7 59
65 10.2 - 27 7.9 15 5.1 35 Lo 1B 3. 6.1 133
66 12.8 L 10.0 57 9.1 §9 9.7 L 8.0 19 9.8 21%
6 15.0 0 - 13.0 gh 12.& 2 12.3 5 9.7 2% 12.7 27
6 1.7 39 15.0 85 15.8 102 12.6 71 13.3 1 15.1 32
69 12., 33 15.0 8% 15.9 103 16.3 74 168.5 L) 15.7 3,0
70 12.Lh 3 13.2 75 12,7 82 12.1 55 13.5 32 12.8 277
71 6.0 1 10.2 59 11.0 71 9.9 L5 13.9 3% 10.3 22l
72 Lhes 12 5«6 32 8.8 57 8.1 37 Teb6 1 7.2 156

: 76 2. 6 3.0 17 3.9 25 L.0 18 5.5 13 3.6 79
7 0. 1 1.6 9 1. 9 2. 11 2,1 § l.6 35
15 0. 2 0.2 1 - - 0.7 3 o.% 1 0.3 7
76 - - 0.2 1 - - - - 0. 2 0.1 z
77 - - 0.2 1 - - - - 0.8 2 0.1 2
7é 0.38 1 - - - - - - - - - 0.1 1

Total 266 568 6l6 55 238 2173

Mean 67 .9 680]4 6808 68.7 69.5 6806

S.D. 2.57 2.57 2.30 2454 2.54 2.18

Body Welght

TABLE 26 - 2

of 2173 Men Entering Recruit Training During 1952 at the U.S. Naval

Training Center, Great Lakes, Illinoils.

Welght Age to Nearest Birth Date

in 17 18 19 20 21-25 Total
Pounds: % N % N % N A N 4 N A N
100"'109 lol 3 o. 2 - - 007 5 - - Oo’.l. 8
110-119 5.3 1l u.% 27 1.7 11 2., 11 2.8 9 2.3 72
120-129 22.9 61 11.3 6 7.6 49 8.1 37 2.3 6 10.0 21g
130-13%9 18.h L9 19.0 10 17.0 110 1%3.8 6 11.8 28 16.5 35
1L40-149 20,7 55 20.8 118 20.8 13 . 25.1 113 18.3 L6 21.5 Lb7
150-159 1%.5 36 18.8 107 20.6 133 12.5 57 18.1 L3 17.% 3&6
160-169 9.0 24 12.5 71 12.; 80 1h.g 67 17.6 L2 1%.1 28L
150—159 h.s 12 hel 23 8.2 5% 8. kO 1%.0 31 7.3 159
130-189 2.6 7 L. 23 57 37 5.9 27 2-5 13 L9 10%
190-199 0. 1 1.1 6 2.2 1L 3.7 17 .2 10 2.2 U
200-209 1.1 2 047 % 1.6 10 2.2 10 2.9 7 1.6 3
210-219 - - 1.1 1.1 7 0.9 N - - 0.8 17
220-229 - - 1.2 7 0.6 I 0.7 2 oy 1 0.7 15
23%0-2%9 - - 0.2 1 0.6 L 0.2 1 - - 0.3 6
2[o-2[9 0. 1 0.2 1 - - - - O.; 1 0.1 %
250-259 - - - - - - 0.2 1 o.h 1 0.1 2
Number 266 568 6116 455 278 2173%
Mean 143.2 1493.5 154 .1 155.1 158.7 152.h
S.D. 13.77 21.7h 21.40 22.23 17.87 2C.60
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On the average, recruits entering training were nineteen years of age, five feet,
eight and one-half inches tall, and weighed 152.l; pounds. The recruits studied
ranged in age from seventeen through twenty-five years, in height from five feet to
six feet, six inches, and in welght from 105 to 258 pounds.

Random selectlon of the subjects took place throughout the year. The geograph-
ical origin of the subjects was ¢hiefly the Midwestern (66.3%) and Middle Atlantic
(21.2%) states. As to the methods of obtaining the data, nude body weight and
height were taken of the subjects within two days of arrival at Great Lakes and
again within two or three days after completing the training, in acctordsce with the
regular physical examination given to recrults.

The analysis showed that during tral ning, more recruits gained weight than loat,
and about one third maintained a constant welght throughout the period. Analysis
also revealed that welght gain was most likely to occur in the younger men and in
underweight men. Welght losses usually occurred in overwelight recruits, especially
if over twenty years of age. A seasonal variation in weight occurred, with a ten-
dency to loss of welght in the spring and summer and galin in welght during fall and
winter. Body height did not change sufficiently during training to be detected.

Nutritional status of the great majority of men appeared to be improved during
recruit training. As the report itself states in conélusion: "The Recruit Tralning
Program of the Navy appears to provide good hygienlc living condltions from a physio-
logic point of view. Caloric intake and expenditure areé properly balanced. Since
physlcal culture is not stressed in the training program, the fallure of many re-
eruits to gain weight should not be disturbing or unexpected.”

In the report are eight tables of data, two graphs and a list of seven refer-

ences. The results with respect to weight changes in pounds occurring during 11
weeks! training in 2116 recruits are presented in the following table.

TABLE 27 - 1

Weight Changes Occurring During Training of 2116 Men Entering Recruit Training in
' Year 1952 at the U.S. Naval Training Center, Great Lakes, Illlnols.

Welght Change Number Percent
in Pounds of Men of Total
25 or more 3 O.1
20-2L.49 6 f 26
15-19. .
Gain 1(5)-1 .3 1:%2 5.38
5= 949 411 19.42
3- L9 252 11.91
Total Gaining 821 38.80
Unchanged + 3 679 32,09
Total Losing 616 29.11
%- L9 160 756
| 1321029 ¥ *5i53
Loss 15_1 :g 57 2.6
26-2[1.9 20 0.95
25 or more 2% _ ‘ 1.09
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28. Oray, Horace. Increase in Stature of American Boys in the Last Fifty Years.
Journal of the American Medlcal Assoclation, Volume B3, No. 12, 19 March 1327, p.90t

The purpose of this study was to determine whether or not there had been an in-
crease In the stature of certain American boys over the fifty-year period prior to
1926, and if so how great an increase?

The method consfders that "Evidence may be seen by comparing our (the author's)
private school boys wlth as nearly similar a serles measured half a century ago as
can be found.¥ The three groups utilized are: Bowditch's (Bowditch, H.P. Growth
of Children. 10th Annual Report) Sons of American Born Men in Pro fessions (N not
given), Bowditch's (Bowditch, H.P. Growth of Children. 8th Report) Sons of American
Born Men in Selected Schools (N = 30%3], and the author's (Cray, Horace and Frederichk
Fraley. Growth Stendards, Height, Chest-Girth and Weight for Private School Boys)
1016 subjects. The subjects are selected groups in the sense that they were "pri-
vate school™ students,i.e.,from the Boston Latin Schools and Massachusetts Instltute
of Technology. The age ranges and stature differences are presented in Figure 28-1.

The author concludes that American-born boys of American-born parents are today
taller than boys fifty yesars ago, as similar as have been found, by more than two

inches.

Two figures and five bibliographic items are included.

Height (Cm.) for Age Excess in Stature (Cm.)
r~ A \ of Our 1,016 BOYS
Bowditeh's Bowditeh's over
Sons of Sons of
Age American Born American Born ~ A —
Nearest Men in Men in
Year Professions Selected Schools Column 2 Column 3
1 2 3 4 5
6 110.0 9.0
7 116.1 8.0
o) 122.4 © eenee 7.8
9 - 127.0 8.5
10 130.7 ceeen 9.1
11 136.0 137.7 6.7 5.0
12 141.5 141.8 7.7 7.4
1: 146.7 147.8 6.1 5.0
14 152.5 153.8 9.5 8.2
15 159.6 159.7 7.9 7.8
16 164.5 165.1 7.7 7.1
17 167.2 169.2 7.3 5.3
18 169.5 ceees 7.2 e
Al ages, SUIM . .. tieertieeceneeeneereoascosnsanns 1025 4.8
All ages, meun............... 7.9 6.5

FIGURE 28-1. 1Increase in Stature of Americgn Boys in the Last Fifty Years.
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180 7
e« BOARDING SCHOOLS TODAY 0
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IAM—BORN 50 YEARS AGO
170} - - -sfSONS OF AM-BORN IN t
ROFESSIONS 30 YEARS A6O -
4 65
160}
' {60
15}
KO} 455
130}
450
m " ’
l"
s 145
1i—<
6 7 8 9 1011 1213 1415 16 17 18 19

Nearest Year

FIGURE 28-2. Stature at Present and Fifty Years Ago.

29. Hertzberg, H.T.E., G.S.Danilels end E. Churchill. Anthropometry or Flying Per-
sonnel - 1250. WADC Technical Report 52-%21, USAF, Wright Alr Development Center,
right-Patterson Air Force Base, September 195} (Armed Services Technical Informa-
tion Agenecy No. AD-47953%).

¥Body size data for 132 measurements of over 1,000 Air Force flylng personnel
are presented for use by the designers of aircraft, clothing and equipment. Organi-
zation of the survey 1s briefly discussed and the technliques of megsurement are
11lustrated by photographs (and drawings) for the benefit of other anthropologlsts.
Both diametral and surface measurements are included. Dimensions are given in both
centimeters and inches.

YA description of the statistics and an explanation of their use are given with
some discussion of certain statistical shortcuts employed in the reduction of the
data. The tabulations include range, mean, standard deviation, coefficlent of vari-
ation, and twenty~five selected values from the first to the ninety-ninth percentile.
Means and standard deviation values for each dimension are also glven for nine sub-
groups based on flight duties.”

Distributions of thls Air Force sample are presented for Alr Force base, rank,
religlon, education, aero-rating, race and marital status. "Studles of this sample
indicate that significant differences in bodily dimensions do exist among men in
different aero-ratings, among men born in different regions, and among men stationed
at different bases. An examination of the size and nature of these differences sug-
gests two conclusions. Pirst, that these differences are large enough to make es-
sentlal a broad sampling similar to that used in thils survey. Second, that these
differences are small enough to justify the convictlon that thils sample, while un-
doubtedly not an exact imsge of the entire Alr Force flylng personnel, reflects with
adequate accuracy the dimensional make-up of the Alr Force flylng personnel at the
time the measuring was done (spring and summer 1950.)"  The age range for the sample
was 18 to L5 years (plus one man of 54 years), with 98% between 20 and 35 years.
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BODY LENGTHS

.Sitting Height
. Eye Height

.Shoulder Height
{Acromial Height),S

. Waist Height, S

. Elbow Rest Height, S

24,
25.
(Internal Canthus Height),S 26,

(SITTING)

ThighClearance Height, S
Knee Height,S

Popliteal Height, S

. Buttock-Knee Length

. Buttock-Leg Length

. Shoulder -Elbow Length

. Forearm-Hand Length

BODY LENGTHS (REACHES)

31.Span

32.Arm Reachfrom Wall

33, Maximum Reach from Wall
34, Functional Reach
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93
94
95
96
97
98
99
100
101

HEAD AND FACE MEASUREMENTS

.Head Length

.Head Breadth

.Min, Frontal Diameter
.Max. Frontal Diameter
. Bizygomatic Diameter
.Bigonial Diameter
.Bitragion Diameter
.Interocular Diameter

. Biocular Diameter

102,
103.
104.
105.
106.
107.
108.
109.
110.

Interpupillary Distance
Nose Length

Nose Breadth

Nasal Root Breadth

Nose Protrusion
Philtrum Length
Menton-Subnasale Length
Menton-Crinion Length
Lip-to-Lip Distance

111
112.
113,
114.
115,
116.
117.

125,

WADC TR 56-~30

Lip Length (Bichelion Dia.)

Ear Length

Ear Breadth

Ear Length above Tragion

(See next page)

Head Height (Tragion to Vertex)
Menton Projection

Minimum Frontal Arc

FIGURE 29 - 6
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HEAD AND FACE MEASUREMENTS I1

115. Ear Protrusion 122.Head Circumference 128. Bitragion-Menton Arc
123.8agittal Arc 129, Bitragion-Submandibular Arc

118, External Canthus to Wall 124, Bitragion-Coronal Arc 130, Bitragion-Subnasale Arc

119. Nasal Root to Wall 125, (See preceding page) 131. Posterior Arc

120, Tragion to Wall 126. Bitragion-Min. Frontal Arc 132, Bitragion-Inion Arc

121.Larynx to Wall 127. Bitragion-Crinion Arc
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b

!
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m
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®A Glossary and Bibliography are included.”

The table and figures included with this annotation present essential data from
this report.

Editor's note: It must be pointed out that the data are taken from a sample highly
selected by several mutually opposed criteria, and therefore do not specifically
represent the U.S. population at large. The data are intended only for the solution
of sizing problems relating to the Air Force population. They must be used with
caution in applications intended for a different population. Probably the best
modern data representing the (U.S.) population as a whole can be found in the U.S.
Quartermaster reports (Quartermaster Corps, U.8. Army. Survey of Body Size of Army
Personnel, Mal e and Female (1946) s Body Dimensions of Army Females., Quartermaster
Corps, U.S. Army. Survey of Body S1ze of Army Personnel, Male and Female (1946):
Body Dimensions of Army Males.

30. MacKinnon, D.C. and C.M. Jackson. Changes in the Physical Measurements of the
Male Students at the University of Minnesota During the Last Thirty Years. The

American Journal of Anatomy, Volume lif, Wo. 2, March 1331, pp. LO5-142%,

"Statistical studies were made on age, stature, body weight, and vital capacity
of 1205 male entrants at the University of Minnesota in 1898-1901 and 1810 entrants
in 1929. These two groups were compared to ascertain the changes in physique during
this period.

"During this thirty-year period, the average stature shows a significant in-
crease of 19.2 mm (0.8 inch). Body weight simultaneously increased 1.76 kg. (3.9
pounds), which is also statistilcsal 1y significant. Likewise, vital capacity shows a
significant increase of 168 cc. These increases are still more impressive, since
there is a corresponding decrease of 1.669 years in average age. ...There is but
little difference in body build between the earlier and the later group... .

YThere is no significant correlation between stature and age, except to a slight
extent in the earlier (1898-1901) group. Body weight and age have a low but signif-
lcant correlation. There 1s a relatively high correlation between stature and
weight. Body weight and age were better correlated in 1898-1901 than in 1929,

®The measurements were taken without clothing. Age was origilnally recorded in
years at the nearest birthday. Stature (standing height) was measured with the sub-
Ject standing erect on a horizontal plane surface, arms pendent, heels in contact,
axls of vision horizontal, with back to wall, upon which a vertical scale is placed.
The readings from soles of feet to vertex were taken to 1/10 inch. Body weight was
taken to 1/10 pound on & standard scale. The vital capacity was measured to 1 cubie
inch with a standard water spirometer. The students were given two or three trials
and the maximum reading was recorded."

For the 1929 data, age was recorded as before. Stature was measured to 1/li inch.
Body weight was taken to 1/l pound on a standard Howe scale. The vital capacity was
measured in cublic centimeters with a Sanborn water spirometer, wlith two or three
trials as above. No corrections were made for temperature or barometric pressure.

A summary table of the data for both groups is iIncluded in the annotation. The
age range for the earlier group was 16 to 41 years, for the 1929 group, 15 to L
years. The discussion includes comments about findings similar to those of this
study, among other American and European groups.

The article includes four tables and a blbliography of 30 references.
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TABLE 30 - 1

Statistical Constants for the Two Groups of Male Students Entering the
University of Minnesota

e 1929 gl
MEASUREMENTS 18??2(}59 %}\g::)up (1810 c:g‘;:)
Age (years):
Mean 21.849 = .064 20.180 = .038
Standard deviation 3.280 + .045 2.411 + ,027
Coefficient of variation 15.057 = 212 11.945 + .136
Stature:
- { 68194 .046in. 68.949 + .039 in.
Mean 117321 = 12 mm. 17513 +10 mm.
o as 2.370 = .033 in. 2,458 + .028 in.
Standard deviation { 6044 + .83 mm 6243 = 1
Coeflicient of variation 3.480 = .048 3.565 = .040
Body weight :
139.172 £ .335 1bs. 143.072 += 274 s,
Mean { 6513 = .15 kg. 64.89 + .12kg.
. ( 17.265 + .237 Ibs. 17.273 = 194 1s.
Standard deviation \ 783 = .11 kg 783 + .09 kg
Coeflicient of variation 12,406 = .173 12.073 = .137
Vital eapacity:
255.498 = .685 cu.in .
A ol - 43546 =96 cc.
Mean {4186.89 + 11.22 ec. 30
. + 484 cu.in.
Standard deviation ; 5:;_5, ‘2340 + 79 :: m 608.4 =+ 6.8cc.
Coefficient of variation 15.63 + .22 13.97 = .15

31. Morant, G.M. Surveys of the Helghts and Welghts of Royal Air Force Personnel.
VII. Heights and Welghts of I3( Royal Air Force Apprentices Recorded on Fiftmeen Oc-
casiong. +FlyIng Personnel Hesearch Commlttee (11(f), R.A.F¥F. Institute of Aviation
Medicine, Farnborough, Hants, March 1952 (Armed Services Technical Information
Agency No. AD-9758).

¥This report deals with records of the heights and weights of 137 R.A.F. Appren-
tices (58th Entry) who were measured on fifteen occasions during a period of nearly
three years, and with their medical histories, assessments of their physical fitness
and final examination results. The following conclusions are reached:

(1) “No evidence was found of significant association between the assessments of
health, physical fitness and ability, on the one hand, and age, on the other, or
between any pair of the three criteria.

(2) "No evidence was found of seasonal fluctuations in the growth rates for height
or welight.

(3) "There i1s a suggestion that the growth rate for heigh* was accelerated appreci-
ably in the second and third years of observation, and that the growth rate for
welght was accelerated slightly at the same time.

(L4) %A1l the Apprentices probably reached their maximum heights within a range ex-
tending from their 17th to 22nd years of age. For those presumed to have completed
growth in height no correlation is found between maximum height and the age at which
it was attained. For those who had not attained their maximum heights by age 18
years lj months no correlation 1s found between heilght at 17 years months and in-
¢rease in height during the year 17 years |} months to 18 years L months. Details
regarding the last stage of skeletal growth appear to be peculiar to indlviduals.
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(5) "There is no statistically significant assoclation between any of the criteria
examined regarding growth in heilght, on the one hand, and the criteria relating to
health, physique and examination results, on the other.

(6) "Comparisons are made with a height-weight system based on records for earlier
Entries (L9th - 52nd) of R.A.F. Apprentices. Considered as a group, the 58th Entry
wasg below the high standard of that series, but it was above the standards of most
other series of British boys. Most of the Apprentices showed steady progressions in
welght. Frequencies are given for normal and abnormal forms of height-weight curves,
and distributions for changes in weight in different periods.

(7) "No evidence is found of any significant associlation between weight levels or
changes in weight during particular intervals, on the one hand, and health, physique
or examination results, on the other. As far as can be judged from the records, the
boys with worst medical records did not show unusual changes in weight at times when
they were 111, but the conclusion might have been different i1f weights had been re-
corded at shorter Intervals than elght weeks. The average increase in weight for
the series was peculiarly small during the interval proceeding the final examina-
tions. Judging from thls and other evidence, stress and change in llving conditions
appear to be the factors which have most influence on fluctuations in welght.

"For some of the subjects it is possible to estimate the age at which growth of
the skeleton was completed--judging from cessation of growth in height--and to re-
late this age to the maximum height attained. Such estimates cannot be certain.for
any of the subjects, however, because the age ranges covered...are not extensive.
If, for a particular subject, the last heights recorded were steady, or almost
steady, for more than one year (disregarding erratic falls or rises of 1/l of an
inch), then it may be presumed that maturity had been reached. This is not a sure
criterion because there are a few cases...of helghts being steady for more than one
year, followed by a clear rise, but in the majority of cases it is probably reliable.”

The report 1s 1l pages long; eight tables and six figures are included. There
are no references. Selected data are presented with the annotation.

TABLE 31 - 1

Mean Heights and Weights (nude) for Different Age Groups Derived from all Readings
Recorded for the 1%7 Apvprentices on 15 Occdsions

Age group No. of Mean Mean
{years) readings height (ins.) weight (1b)
15 2/% - 16 67.0 126,
16 ? - 16 1/3 1%1? 67.6% 132.3
16 1/3 - 16 2/3% 137 67 .87 133,
16 2/%3 - 17 189 68.50 135,
17 - 17 1/ 246 68.56 137.6
17 1/3 - 17 2/3 269 63470 138.2
1& 2/3 -1 237 68499 139.0
1 - 18 1/3 211 6£9.3 10,8
18 153 - 18 2/3 19 69.33 150.0
18 2/3 - 19 12 69.3% 1L0.7
19 -19 1 80 69.% 142.6
19 1/3 - 19 2/3 57 69.37 1L1.1
19 2/% - 20 21 69.016 143%.9
20 - 20 1/3 io 69.047 143.%
20 1/% - 20 2/% 2 70.50 160.3
20 2/3 - 21 1 68.00 128.0
Total ‘ 1957 - -
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TABLE %1 - 2

Distributions of Changes in the Weights of l;37 Apprentices of the 58th Entry
During Various Perlods of Service

Differences for intervals of Range of welghts
Y Weeks taken on 15 occasions
Differences in (W2-Wl)......... 22 Woeks 17 weeks 135 weeks (w1 - w15?, without
weight (1b) (WL2-Wl2)= (WLlL-w13) (wis-wil) (w15 - wi) regard to sign®*
-20/-15 2.
-15/-10 9.% 1.
-10/-5 69 2 5.
- 5/0 57%.5 U7.5 16.5 7.
0/ +5 736 L9.5 65 26 2
+5/410 12Lé 6 25.5 %2 N
+10/+15 .5 - B 27 )27
+15/+420 2 - 13 22
+20/+25 1 0.5 11 1545
+25/+30 0.5 L 55
+30/+35 2 2
+35/4040 2 2
appno: of 1527 106 111 128 130
LT o +0.5) +0.57 +3.27 +10.51 1l 140

#0f the 12 intervals, 10 were of eight, 1 of seven, and 1 of nine, weeks.
+A range 13 not gilven i1f W15 was not recorded. Among the cases counted there are
gome for which the numbers of repeasated weights are rather less than 15.

32, Newman, Russell W. Changes in Body Dimensions During Basic Tralning in Rela-
tion to Clothing Sizes. Environmental Protection Division, Report No. 176, Quarter-
master Research and Development Command, Natick, Massachusetts, August 1951.

YPurpose. This study was initiated to investigate body dimension changes which
take place In young men subjected to a rigorous military environment for the first
time. These changes, as defined In terms of nude body measuremsents, have been ana-
lyzed in relation to clothing requirements for these men during the course of thelr
basic training.

¥Summary. Five girth dimensions, waist, seat, chest, shoulder, and neck, showed
the greatest amount of change and were analyzed in detail. It has been shown that a
sizable percentage of men change theilr girth dimensions sufficiently during basie
training to require alterations on garments sized to their pre-training girths.
These changes were shown to be largely asslgnable to men who were elither small or
large, and each group showed a definite trend in opposite directions. The small men
tended to gain and the large men tended to lose. Fortunately, this allowed for a
statistical analysis which differentiated and predicted girth changes with a reason-
able degree of accuracye.

YConclusions. The most logical approach to the problem of sizing men entering
the Army 1s to predict girth changes by means of data collected on men undergoing
basic training and allow for these changes in the initial ritting. The limitations
of such data were discussed, but 1t was evident that for all their 1limitations they
represented an anthropometric estimate that should be preferable to not taking
possible changes into account.

YRecommendations. That the predictions of girth changes presented here he con-

sidered for use by personnel charged with initial issue of clothing. That addi-
tional data be gathered to strengthen the predictions.
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TABLE 32 - 1

Change in Waist Circumference of Men (1950 Fort Dix Series) During Basic Training

1lst 2nd Total
Inches Seven Weeks Seven Weeks Basic Tralning
Gal 5.3 5.12% 1.57% 1’37%
aln - . K . .

1-2 20.47% 12.20% 13.93%

No Change 55.51% 73.62% 46 .85%
1-2 11.81% 9.06% 12.60%

2" . % . % . 10

Loss E-ﬁ 2.32% 35k 2.362
— -5 1.57%
5=6 0.79%

TABLE 32 - 2
Regression Equations in Inches for Estimating Girth Changes

Walst Measurement

Waist Girth = (-.375 Walst + 11.852) + 1.1h4ly
Seat "o = (-.225 Waist + 7.51 ) ¥ 925
Chest " = (-.169 Walst + [.850) ¥ .809
Shoulder " = (-.166 Waist + L.924) ¥ .872
Neck w = (-.051 Waist + 1.400) ¥ .L87
Weight

Walst Gisth = (-.OLly Weight + 7.016) + 1.310
Seat " = (-.028 Weight + L.761) ¥ .983
Chest " = (-.022 Weight + %.011) + .93l
Shoulder w = (-.021 Weight + 3.021) + .892
Neck " = (-.006 Weight + ~.7hly) T .L96

X
Height/ VWelght
Waist Girth = (1.751 Ht/ O/ WE
seat " = (1.023 Bt/ /Wt

22.217) + 1.383%
12.681) + 1.0L4k

Chest "™ = ( .843 Ht/ J/WE - 11.193) + .961
Shoulder " = ( .897 Ht/ J/Wt - 11.712) + .907
Neck " = ( .254 Ht/ /Wt - 3.436) + JL97

Method of calculating predicted girth changes: If the walst (or weight, or

hei etg ) measurement is known (4O inches, for example) then the change in any of
the girth measurements can be estimated by inserting this known value in the appro-
priate regression equation, for example:

[0

(-.375 x 40.00 + 11.859) + 1.1L44
(-15.000 + 11.859) + 1.14L4L
-3.141 + 1.bh

walst girth (change)

[}

1]
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The waist girth change predicted for a LjO-inch waist 1s %.141 inches smaller
(since the sign 1s negative). The reliabllity of this prediction is indicated by
its standard error (+ 1.1L4l).

The report contains 25 pages and includes 18 tables; Tables %2-1 and 3%2-2 are
included here as being particularly relevant. Three bibliographlic references are
provided in footnotes.

3%, O0'Brien, Ruth and William C. Shelton. Women's Measurements for Garment and
Pattern Construction, Miscellaneous Publlication Number 5, United States Depart-
ment of Agriculture in cooperation with the Work Projects Administration, Textlles
and Clothing Division, Bureau of Home Economics, December 19L1.

Purpose: "This research project was undertaken in order to provide measurements
which could be used, for improving the fit of wcmen's garments and patterns. WNo
scientific study of body measurements used in the construction of women's clothing
has ever been reported. The measurements used have grown up in the industry, appar-
ently chiefly by trilal and error, based on measurements taken on a few women by
various inaccurate procedures. As a result, there are no standards for garment
sizes, and retailers ané consumers are subjected to unnecessary expense and harassed
by the difficulties Involved in obtaining properly fitting clothing.”

Subjects: The number of women whose measurements are included in the analysis
were white residents and visitors in Arkansas (N = 1,80), California (N = 2119),
Tllinois (N = 889), Maryland (N = 522), New Jersey (N = 2119), North Carolina
(N = 588), Pennsylvania (N = 1083), and the District of Columbia (N = 1242); grand
total, N = 10,042, "They were 18 years of age and older and were both native and
foreign-born. Most of them lived in urban areas.

"Measuring centers were set up in the cities and towns, and invitations issued
to women through their organizations. Colleges, Work Projects Adminlstration sewing
rooms, social welfare centers, and other women's organizations were invited to par-
ticipate. Some measuring was glso done in private homes."

The sample was not random, but was systematiceal 1y adjusted so as to correspond
approximately in age distribution to the Census of 1930. There is correlational evi-
dence that this controlling of the age variable results in controlling all other
ma jor anthropometric variables as well. The sample 1s therefore presumed to be
nationally representative.

Procedures: "Identical calibrated measuring instruments were used by all unitse.
The measuring costume, which was also standard throughout the project, consisted of
knit cotton shorts cut high on the hips and bandeaux which fit snugly but not tight-
ly. All garments were lauridered after each wearing."

The kits of instruments and small supplles provided for each measuring squad
contained:

anthropometers

protractor

sliding caliper

2-meter steel tape

skln pencills

pocket knife or package of
razor blades

package of pins

neck chains

steel guide rod

apool of twine
carpenters chalk
manual of measurements

HEH
N

"Each squad was supplied with one portable leveling platform, one portable
weighing scale, and the cold cream and cotton used to remove the skin pencil marks
placed on the women as landmarks for measuring."

"The measurements and the procedures followed in taking each meagurement were
determined after conferences with leading pattern and garment manufacturers and re-
tall distributors of women's clothing. The schedule included welght and 58 measure-
ments. Of these, 5l were taken with the subject wearing only the measuring costume.
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If she customarily wore a foundatlon garment, she was then asked to put it on, and
L} of the trunk~girth measurements were retaken. The complete 11st of measurements
included those used in constructing all garments except shoes, hats, and gloves."
Weight was measured in pounds, shoulder slope was measured in degrees; all other
measurements were metric and were recorded tc the nearest millimeter. All of the
measurers were treined to insure comparability of results.

Conclusions: Practical and theoretical considerations alike agree in suggesting
the use of stature (total height) and weight, certain girth measurements) as being
the two most usable predictors of the other dimensions of a woman's body. This is
due to the fact that "while the vertical measurements and, to an even greater degres,
the horizontal measurements are rather highly correlated among themselves, many of
the correlations of vertical with horizontal meassurements are very small and some

are actually negative."

Figures are presented describing the stature-welght system and also the alterna-
tive stature-girth systems.

This report is 73 pages long and includes 52 tables and 13 figures, as well as
1)4 pages of photographs illustrating the proper taking of the measurements. Means
and standard deviations are glven, but no percentiles. There 1is no bibliograprhy but
seven references are given in footnotes throughout the report. Selected data are

presented with thls annotation.
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FIGURE 33 - 1
The Average (Arlthmetic Mean) Woman, Showing z); Measurements (in Inches).
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TABLE 33

Correlations Among 59 Measurements of l;,128 Women
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E 8 w i © I 7] i 3 8
0 T IO I O O N I N O IO N S B B
@ O /A B < [ & 3] [3 < & B < g > 4 & P
v "\]l ght............coveen.e. -264 L2878 L0420 2568 1063 L1210 L1115 .08 .M27 070 .2802 .2064 .0732 .3010 8795 .5376 3823 .4T73 .5648
ertical measurements:
Stature ¢L.O03 LESS0 10002 1.8350 L8262 1.8043 18480 1.7300 13192 .T4B4 .603 .6638 6710 .3563 .8010 .3626 .3577 0376
Cervicale helght . L8723 19178 1.8413 18322 1.8120 1.BAB7T 17405 1.3178 .7648 .6083 . 16938 4124 .3878 .3546 .3611 0791
Bust height - ... L8676 L.B20 1.8161 17075 18326 L7208 13009 .GR67 624 6516 8700 1876 .2687 .23 .27 —.2047
Walsthelght. ... 220000 o T R 1.8652 18614 18462 1.BTA6 17678 LIM3 (TS G024 .6653 L5701 .3313 .2000 .M81 .2013 0821
Abdom{nal-ex ... LBZB 18121 18463 17265 12031 7108 6426 .8402 4700 1504 1980 .1853 . 1729 — 0431
Hiphelght ..... ... coeese...o 18375 L8628 17220 12875 .7360 .60 .6547 .4604 1606 .1022 .1602 1845 —. 0207
Slmng-spmd height . ... LBABD LTIT8 12764 L7152 .6308 .6380 .4262 .1604 .1306 1555 1650 —. 0418
Croteh height. .. ceeeeeeo- L7604 12705 (7380 .6508 6787 .4413 .0042 .148 1732 1870 —. 0671
Tiblalebelght... . [ /0 [ Tl IITIIT T o on e O 12007 .6415 587 .5798 4311 .1865 .2084 1852 .1962 .0173
Ankle helght. .. 1217 coee L2387 275 L2121 L2464 (1245 .1233 .1087 .1023 —.0060
'roul posurionrmlenuh e L 7431 4363 3010 L2774 .2200 L2504 1039
per posterior arm )engch 4 b1t L2602 .2231 2261 0821
Anlerlonrm length . .o T .1928 1893 1804 —.0360
Sitting helght ... 4201 4020 * 4011 1143
Vortlcal trunk . L4825 8561, 5158
Cervlmletow um.erlor F 0 S L8240 ,7503 .3278
Anterfor 6060
Shoulder to wnlst‘.. -
E -
3 i .
% H g g g i g d g a
= ﬁ % a g = g S 5
Measurement -] = 9 -5 i 3 § ¥
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LI EBEEEEREEEEREEER
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v n\‘\' lmn ‘iiceeeae..eni.8387 L4528 — 0842 .3503 8330 8168 .7215 .8874 .8026 .8755 .8085 9174 9063 .8770 .8205 7745 .7685 .7628 .6030
ertica meuuremcnu ;
. L2222 L3151 1051 1704 .O737 .0206 —.0497 0124 .1257 .0805 .1011 .0771 .2300 .1825 .1625 1558
.% L2518 .3231 .2486 .2008 .1318 .0803 .0269 .0835 .16l4 .1485 .1837. i ggz omggg . 32% &sgg
: G2z a4 .1l 2413 03z 023 —.0702 ~ 1353 . 2185 — 1681 —.0a71 0753 —.0371 —05 0084 088 035 0462
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elght. . ..., S . - . et - - - . * " N :
len -spmd helight .1.2868 (1501 (1618 .0586 .0438 .0118 —.0305 —. 0817 —. 0411 .0420 .0378 —.0224 -—.g% ,gzg .g;g .gﬁg .gfls%
Crotch helght (251 1623 —0233 — 0117 —. 0383 0881 - 1599 —. 1101 —. 0154 —.0838 —.0178 —0733 LOs L030 L013z L0l
I lbki?hhhie : Aok oo 0308 .gg.u et "%g —'%’g '848823 '8?&1)? (030 (0307 0S5 0385 .o%ed .oase
nkfe hefy . . . - - . . . . : :
e R R R REEE ERE
Anterlor arm lengt 20781 1370 .0104 .0220 —.0170 —.0654 —. 1164 —.0703 .0126 —.0210 —.0i55 — 0L 0008 .ozgg 0408 %f
t{imr&mm """"" ‘i % oo e e Hn o e L7e3t '%g P (000 cars .ooes oo | omib
ert! tr . . . . . . . . 793 . . . . . . .
ervicaletow (ZH0 (LS 2B TO AW ATI6 4RI 00T 437 306 .dl46 300 308 WIS 3767 .38
Anterior walst J1472 L0401 .1303 .1252 .3360 3175 .2009 .2674 .2951 .2686 .2813 . 250 .20 .20 2630 .24p
12630 1102 .2308 2045 .4235 .4413 .3378 .3480 .3822 .3538 .3890 . s a5y da .2
JNI4 1776 . AT35 4245 L5275 B B611 12 T 4ml o073 .geT .37 .2l
IR EEEEEEEEEREEEEER
Trunk toe .02 >0 070 X _:3811 1871 —. 2100 —. 1833 —. 1587 ~—. 1620 —. 1749 —. 1673 —. 1083 —. 1522 — 1061 . 867 —.0382 — 0877 —.0478 .4}%
{:mmm s ahoulder toscye. R L TR v .mg 30 (3es (3 ame o7 .ai .y .z m
Total crote I - LEW0 TS 7 TN 788 78T z%g mg o8 .gggg .glag % .;%g
- {\nutzllorcrowh ng:.‘ .f ...................................................... (6548 6586 .6608 .7080 .68 . . . . . .
orirontal measurements: , . L4817
S s st e gm o omm oo ome o om
"""" 7201 6842 .6 . . .
Walstgirth..................0.. : : 8721 L7881 .7234 .6540 .6638 .6063 .4720
Abdominal-extension girth.... i - Slor (o130 lgw LT 7ioi 7o .s7e0
b v 8386 (7412 .7421 .7218 .5570
Bitting-spread L0006 L7488 .7513 5662
Maximum thigh girth . L7403 L7831 L7720 5819
Midway thigh girth o..... .8528 .7687 6650
nt kpee girth ... L5400  .68277
R Blrth AL Hblale ... ... s s s e (TS0 » 7232
Maximum calf girth -
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TABLE 33 - 2 (Continued)

Measurenient

Neck-base girth
Armscye girth
Upper-arm girth
Elbow girth
Forearm girth
rist girth
Shoulder length
Anterior chest width
Highest bust-level width
' Posterior chest width
1
Anterior bust arc
Aanterior walst arc
Abdominal-extension arc
Posterior hip arc
Bust girth over foundation
garment
‘Waist girth over foundation
: garment
Abdominal-extencion girth
over foundation garment
Hip girth over foundation
garment

Weight. . eeicannaae---2 5404 6803 8249 8742

Vi omml mouunmcnu-
.......... 2730 .1919 .1203 —.0289
(‘ervlmh height. ' __20.0 -2008 .2150 .1793 .0357

LBHT (8253 840 . BI7S .77 80

L1038 — 0028 — 0470 |, 00RS .0039 0183
L1133 0618 X

Bust height. ... ceen 1591 0578 —.0472 —. 1813 —. 0202 -, 1808 -
Waist height. L1938 1441 0180 L1268 .0413 -
Abdominal-extension height’ ms L1005 .0245 —. 1104 0598 — 0X10 -
1091 .0362 —. 1059 L0572 —. 0700 A0 .
L0962 .0106 —. 1024 L0428 . 0553 32—
.0722 —.0141 —. 1587 L0178 —. 1088 U874 —,
1148 .0850 —.0168 0478 —. 0182 3 —,
,0567 L0756 .0363 —.0148 - 0012 0058 —. 0378
'rom posterlorarmlength_ {2033 2205 2423 .0764 1784 . 1022 :
rposuriorlrmlennh 2549 L1703 .2325  .0333 1302 .0729
Anurlor arm length . 3 0720 --. 0202 — 1234 0511 —. 0858 — 08 = 1118
»itting belght. ... - .2005 2140 .1324 1654 . 1079
Vertical tr L6124 L7579 7448 M$2 L7179
Cervicale to walst anterior_ -.3730 4819 4881 4345 L3443 4752
ntt . L2510 3423 .2800 1923 3208
L3778  .4355 .3803 2019 4780
.3780 .5M4 8271 L3111 L3043
L2080 L2881 1993 .2352 . 1689 .
.2101 4398 4008 .3103 3548 .
B4 — 0372 —. 1480 —.1807 — 0933 ~. 1664 -
L2863 L5211  .3487 275 3560
7] E Jle18 2658 .2501 1382 .2539
'I‘oul crotch Jength_._ . L5003 .6710

L5258 .6781 .7309
.4688 .6024 .6391

L6879 8073 .8825
.6432 .8034 .B6O4
L6199 7887 .8487
~5879 .7860 .8503
L5601 (7409 8216

4707 L6005 .6276 .6406 .BIS 6578

1.6005 8480 8340 8131 .6523, .9207
L0501 1,9148 8623 .8307 .0503 19938
L6255 .8338 1.0440 8064 .04B4 0026 1,9033
L8012 .8I76 8371 19304 .Y047 8710
L5818 L7320 (7434 (78RO 11,8600 7901

Anterior crotch Jength.
Horizontal measurements:

Hip girth
Sn?(nx spread

Kll’th .5566 7398 .8123 7268 7015 ,B0O79 L NGUS 7807
Maximum thigh girth. L5275 .7068 .8068 L5133 .0972 .6898 7008 8151 7421
Midway thigh girth L5004 6435 7587 4700 .0502 .6204 30 L7431 .
Bznt knee girth L4814 6041 6511 4100 .8783 .8713 70 L6187
Knee girth at tibiale . .4828 .6103 .6622 4178 8807 .8812 0074 8180
Maximum calf girth L4776 5671 .6372 4424 8031 .5223 8618
Minimum leg girth L3844 4460 4788 8 N2 484 8123 4854
Anklegirth ... . . M o
Neck-base gir

Armscyo girth_

Shou) er length .....
Anterlor chest width.
Highest bust-level width_
Posterfor chest width_
Anterjor bust arc..
Anterjor walst arc.
Ahdominal-extensj
Pogterior hip arc

Bustgirth owr foundation garment.
‘Waist girth over foundstion ggrment__ . .
Abdominal-extension girth over foundatios
Hip girth over foundation garment._. .. _

3. Quartermaster Corps, U.S. Army. Survey of Body Size of Army Personnel, Male
and Female (19L6): Body Dimensions of Army Females. Project Wo. E~53-06, Environ-
mental Protectlion Division, Quartermaster Hesearch and Development Center, Natick,
Massachusetts.

Body size data for 52 measurements of approximately 8500 members of the Women's
Army Corps and Army Nurse Corps are provided for use by designers of women's cloth-
ing and other personal equipment.

The age range of the subjects was from 18 to 54 years, with 88.72% falling in
the 18~3L year range.

The statistics reported for each measurement are: Number of subjects, range,
mean, standard deviation and selected percentiles from the first to ninety-ninth.
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Table 34~1 presents essential measurement date from this study.

Annotator's note: This "annotation” 1is based upon unpublished material received by
letter communication from the originating agency. It refers to no specific report,
but to data obtained during the survey indicated.

See also: Munro, Ella H. Preparation of Anthropometric Nomographs. Environmental
Protection Division, Report Wo. I8L;, Quartermasfer Research and Development Command,
Natick, Massachusetts, February 1952. .

Randall, Francls E. and Ella H. Munro. Reference Anthropometry of Army
Women. Environmental Protection Division, Report No. IliJ, Quartermaster Research ard
Development Centen, Natick, Massachusetts, 31 March 1949.

Randall, Francis E. and Ella H. Munro. Anthropometric Nomograph of Army

Women. Environmental Protection Division Report No. Ilif, Quarfermastér Research and
DeveTopment Center, Natick, Massachusetts, 10 February 1949.

35« Quartermaster Corps, U.S. Army. Survey of Body Size of Army Personnel, Male
and Female (1946): Body Dimensions of Army Males. Project No. E-53-46, Environmen-
tal Protection Division, Quartermaster Research and Development Center, Natick,
Massachusetts.

Body size data for 65 measurements of 25,000 Army males are provided for use by
designers of clothing and equipment intended for men in the Army. These data were
derived from an anthropometric survey conducted by the Quartermaster Corps in 19Lh6.
Approximately 85,000 U.S. Army white males were measured in the survey.

"The men measured in this survey had been in military service for varying
lengths of time. They represented a sample of men who were not only segregated by
the process of military selection, but also exposed to a military environment. This
group 1s thus not necessarily representative of civilian groups of comparable size
and age distribution. Men entering the service and the potential pool of manpower
from which the services draw may differ somewhat in the distribution of body sizes
and bodily proportlons. The men reported here were all measured as they were pro-~
cessed through separation centers at the close of World War II. They were civilian
soldiers returning to civilian 1life and may not accurately reflect the peacetime
population of the Regular Army.

"The data derived from the total sample of approximately 85,000 white males
proved too unwieldy and time consuming to handle in the mechanical processes of
sorting and ansalyzing. For this reason the analyses presented here are based on a
smaller sample. It has been found that a geographlcally weighted subsample of ap-
proximately 25,000 white males did not differ significantly from the larger sample.
Furthermore, the smaller series allows for a close approximation to the Selective
Service data for geographical distribution of birthplace for men examined between
November 1940 and June 1945. Thus, the 25,000 subsample should give a close approx-
imation to the military population at the end of World War II."

The age range of the subjects was from 15 to LO+ years, with 92.16% falling in
the 18-31 year range.

The statistics reported for each measurement are: Number of subjects, range,
mean, standard deviation and selected percentiles from the flrst to ninety-ninth.

Table 55-1 presents essentlial measurement data from this study.

Annotator's note: This "annotation" 1s based upon unpublished material received by
letter communication from the originating agency. It refers to no specific report,
but to data obtained during the survev indicated.

Additional reference: Quartermaster Corps, Research and Development Center, Environ-
mental Protection Division. Chest-waist Circumference Relations for 18,111 Separa-
tee Army Males. (Partial Report of Phase 1, Project No. E-59-1;6)}, Memorandum Report
No. 6, Ly AlUgust 1947 (Climatic Research Laboratory).
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" Biology, Volume 21, No. l, December I9LJ, pp. 218-232.

See also: Randall, Francis E. and M.J. Baer. Survey of Body Size of Army Personnel,
Male and Female: Phase I - Body Dimensions of Army Mal es - Methodology. Environmen-—
Tal ProtectIon Division, Heport No. 122, Project No. E-59-46, Quartermaster Research
and Development Command, Natick, Massachusetts, 2 July 1947.

Randall, Francis E., Ella H. Munro and Robert M. White. Anthropometry of
the Foot (U.S. Army White Male). Report No. 172, Environmental Protection Division,
Quartermaster Research and Development Center, Natick, Massachusetts, January 1951.

Munro, Ella H. Preparation of Anthropometric Nomographs. Environmental
Protection Division, Report No. I8L, Quartermaster Research and Development Command,
Natick, Massachusetts, February 1952.

Newman, Russell W. The Assessment of Military Personnel by 1912 Heighi-
Weight Standards. Environmentdl Protection Division, Report Number 19/, Quarter-
master Research and Development Command, Natick, Massachusetts, November 1952,

Newman, Russell W. and Robert M. White. Reference Anthropometry of Army
Men. Envirommental Protection Division, Report No. 180, Quartermaster Research and
Development Center, Natick, Massachusetts, Septembher 1951.

Randall, Francis E. Age Changes in Young Adult Army Mal es. Human
Biology, Volume 21, 1949, pp. 187-198.

Randall, Francis E. Anthropometric Nomograph of Army White Men. Human

36. Randall, Francis E. and M.J. Baer. Survey of Body Size of Army Personnel, Male
and Female: Phase I - Body Dimensions of Army Males - Methodology. Environmental
Protection Division, Report No. 122, Project No. E-53-46, Quartermaster Research and
Development Command, Natick, Massachusetts, 2 July 1947.

UThis report represents the first of a series which will describe in detail the
anthropometry of military males and females. Two types of considerations will be
presented, metric and morphnlogical. The metric will describe body slzes; the mor-
phological will describe body types.

¥In general, the reports will be distributed over six phases of Investigation:

1. Body Dimensions of Army Males
2. DBody Types of Army Males
. Anthropometric Integration of Phases 1 and 2
E. Body Dimensions of Army Females
5. Body Types of Army Females
6. Anthropometric Integration of Phases li and 5."

Background information is presented relative to the reasons for the study, the
methodology, the population for the study, the data desired and the conclusions re-
sulting from the surveys. The survey was performed in 1946.

Between May and November 105,062 men at six Army separation centers were mea-
sured. Physical types were photographically recorded on 19,500 officers and men.

The actual instruments and techniques utilized in measuring the subjects are both
described and photographically illustrated.

It was concluded that:
"a, A fleld anthropometriec survey has been conducted on male military personnel,
both at time of leaving the service (96,381) and at time of entry (8,681).

be The distribution of the total population measured has been compared with
the distributions of United States regional origins prepared by the Bureau of the
Census and Selective Service records and has been found to show only two mlnor dis-
crepancies: (1) the West South Central group and (2) the negro series are dispropor-
tionately small. However, in both cases, the series are large enough for valid
gstatistical treatments in most analyses. Comparative values for the regionsal
orlgin are presented... .
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¢c. The data collected In this survey are considered adequate for use to:

(1) Establish specifications on the physical size of male military person-
nel for use in:

{(a) Clothing sizing and tariffing.
(b) TDTetermination of space requirements of personnel.

(2) Study physical type and slze of male military personnel in regard to
function performed in military occupations and to provide bases for personnel selec-
tion and treatment in the future."

This report is L7 pages long including one table and over 80 photographs illus-
trating the techniques used In measuring the subjects. The table showing the geo-
graphical composition of the sample i1s includeéd with this annotation.

TABLE 36 - 1

Percentage Composition of United States Regions

United States Selective Anthropometric
Census Census Bureau¥* | Service** Seriogki
Region

White | Negro |White | Negro |White | Negro
New

England | 5+709| .070| s5.017| .09 | s.605| 062

Middle
Atlantic [18.575] .906|21.722 | 1.438|18.905| .556

East
North 18.417 «759119.726 | 1.179 |17.005 200

Central

West
North 9.463 ‘236 8.688 03% 12-605 100

Central

South
Atlantic |10.455 | 3.735 110,028 | 3.567 |13.423 | 3.821

East
South 6,199 ] 2.066 | 6,262 | 2.1R | 6.409 | 1.327

Central

West
South 8,225 | 1.817 | 7.244 ] 1.859 | 4.118 457

Central

Mountain | 3,127 029 | 2.961 .035 | 5.180 015

Pacific 6.891 .103 | 6.710 154} 7.851 .050

not not not
Forelen | 3.202 |, ted |11stea |1istea | 2+278 | 04

Totals 90.263 | 9.721 | 89,258 110,734 [93.389 | 6.512

¥Age groups 15-34 years, 1940 Report.
#¥] November 1940 - 30 June 1945,
**¥Nunber = 93,997.
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%37. Randall, Francls E. Survey of Body Size of Army Personnel, Male and Female:

Phase |} - Body Dimengions of Army Females - Methodolngy and Ceneral Considerations.
Environmental Protection Division, Report No. 123, Project No. E-59-16, Quarter-
master Research and Development Command, Natick, Massachusetts, 2% July 19,7.

"This report represents the second of a series which will describe in detail the
anthropometry of military males and females. Two types of considerations will be
presented, metric and morphological. The metric will describe body sizes; the mor-
phological will describe body types.

YIn general, the reports will be distributed over six phases of investigation:

+ Body Dimensions of Army Males

» Body Types of Army Males

. Anthropometric Integration of Phases 1 and 2

. Body Dimensions of Army Females

« Body Types of Army Females

« Anthropometric Integration of Phases } and 5."

oS\ o

Background Information 1s presented relative to the rationale of the study, the
methodology, the population for the study, the data desired and the conclusions re-
sulting from the survey. The data presented in this report concern the methods of
measurement and the general consideration of the populatlon measured. These mea-
surement technlques are described and a photograph of the instruments 1s included.

Measurements were taken at three Army camps and six different Army General Hos-
pltals. Age, helght and welight distributlons are presented for Army WAC offlicer and
enlisted groups.

It was concluded that:

"a. Sixty-four dimensions and fourteen observations were taken on 8,859 female
subjects, 8,459 white, and 400 non-white, all having had previous military experi-
ence .

b. Preliminary analyses of the data on 8,259 white women for age, weight and
stature have been made and are reported... . These data show that Army WAC Enlisted
Women tend to be shortest and lightest, WAC Officers tend to be tallest and heaviest
as well as oldest, and Army Nurses intermedlate to the other two groups in stature
and weight.

¢. Tests for regional differences for each group reveal that the means of
weight do not vary with statistical significance throyghout the United States, but
that the means of stature do, with New England and Middle Atlantic groups being the
shortest. These facts indicate a posslble need for differential clothing size
tariffs for different Induction areas.

d. Differences in statures and weights bbvtween Army Nurses and WAC Officers
Indicate some possibility that differentlal tariffs may be needed for the two
Officer groups.

e. These data, although few 1in number, indicate variabilities which may be
expected to occur in native-born female populations of the United States.

f. The entire series will provide basic information which will enable cloth-
ing and equipment designers to standardize the sizes of their products for use by
Army females.”

This report i1s %6 pages long and contains three tables of data which are in-

c¢luded with this annotation and one photograph of the anthropometric instruments
employed.
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TABLE 37 - 1

Statistical Values For Age in 8259 Army Females According to Nine U.S. Regions
(White, Native-Born)

Values are in Years

East Rast West Weant
New Middle North South North South South Total
Englend | Atlantic | Central | Central | Central | Central | Atlantic | Mountain | Pacific uU.S.

NURSE
Mean 27.045 | 25,687 26.360 | 25.627 | 26.406 | 26.842| 26,862 26,171 25.635 | 26.259
Mode 23,000 | 23,000 23,000 | 23,000 | 23.,000] 24.000] 23.000 23,000 23,000 | 23.000

Median 25,151 | 23.369 24,503 | 24,292 ] 24.502 | 25,336 | 25.059 24.823 24,231 | 24.624
Signe +5.216 | 24.644 £4.759 | ¢3.589 | ¢4.853 | 24.047 | 23.121 24,153 24,195 | 324,711

S.B.p %,321 #.178 2,136 $.332 £.167 2,541 % ,427 t +420 24533 2,080

Rangs 21-47 2]1-46 22-48 21-39 22-36 22-38 22-44 22-44 21-44 21-48

Number 265 679 iz 118 842 57 145 99 63 3489
ENLISTED WAC

Mean 27,185 | 25.636 26,5631 264712 | 27.501] 26.6751 27.148 25,922 25.837 | 26.443

Mode 22,000 | 22.000 22,000 | 23,000 | 23.000] 22,000 22,000 22,500 22,000 | 22.000

Modian 25.071 | 23.341 24,626 | 24,067 | 25.470 | 24,072 | 25.125 24.400 23.550 1 24,500
Sigma 26,347 | 25.470 +5.820| £6.219| £6.138 ] £6.617 ] 26,011 £5.005 | 25.318 |25.871

S.Bepy 2,314 2.154 .17 *.529 1255 2,835 12.338 2 .406 2470 | 2,090

Range 20-50 18-59 18-51 18-51 20~-50 20-54 20-48 21-49 21-47 18-59

Number 410 1259 1160 139 581 154 317 153 129 4302
OFFICER WAC

Mean 30,778 | 31.612 30.839 | 31,875 | 31.649 | 33.667 | 29.962 28,875 30.250 | 31,209

Mode - 31.500 25,000 - 25.000 - - 29,000 - 26,000

Median 29,251 | 31.115 29,429 | 31,167 | 30.625| 35,500 28,500 28,500 27.167 | 29,752
Sigma $5.869 | £5.981 £5,894 | 25.395| £5.836 | 25.573 | £6.279 £4.30% 26.933 26,068

S.Em 2.885 $.653 t.485| £1.393 2.605| £1,680| £1.256 4.898 21.790 2,27
Range 23-44 22-51 22-52 23-42 23-47 26-45 2-48 23-40 25-48 22-52
Number 45 85 149 16 94 12 26 24 16 467

TABLE 37 - 2

Statistical Values For Weight in 8259 Army Females According to Nine U.S. Regions
{(White, Native-Born)

Values are in Powvnds

( East East West West

New Middle North South North South South Total
Englend | Atlantic | Cectral | Central | Central | Central | Atlantic | Mountain | Pacific{ U.S.

Mean 134,368 | 131.373 132,774 | 131.346 ] 132,511 | 130,482 | 129,328 | 131,944 | 139.008 | 133.246
Mode 137.500 | 117.500 127.500] 117.500 | 127.500 | 127,500 ] 127,500 | 127,500 | 137.500 | 127,500
Median 132,840 | 127,399 129,760 125,960 | 130.175| 127,815 | 127,065 | 127,500 | 136.390 | 129.290
Sigma 220,664 | 222,155 £20.174 | $20,056 | £18.808 | #19.,472 | £20.230 | ¢21.517 | £18.993 | 220,215

SeEep 21.272 2,851 $.578| 21.862 £.649| £2.602] 21.686 22,174 t2.412 20542

Range 96-195] 90-246 90-212| 91-153 | 95-22]103-178 | 94-193 |100-230 95-197 | 90-246

Number 265 679 1221 117 841 57 145 99 63 3487
BNLISTED WAC

Nean 133.890 | 132,544 133.751 | 129,766 | 134,170 | 133.928 | 131.964 ]132.532 |133.090 |132,542

Mode 127,500 | 127,500 122,500 | 117,500 | 127,500 | 127.500 | 117,500 ]122.500 |112.500 |127,500 ;

Mediam ' | 130.325 | 129,855 129,945 | 128,125 | 130.600 | 130,415 127,710 | 128.500 ]129,.821 [129.635
Sigma $£21,703 | 219.875 £20,273 [ 217,649 {220,174 |4 20.803 |£21.372 |+21.401 [221.685 |$20.565

S, By 21,073 | £.561 $,596 | 21.497| 2.838)] £1.682] 21,202 21.730 | £1.932 ] £.314

Renge 93-206 | 86-208 99-224 | 95-177 | 97-225 | 93-195 | 93-216 89-201 $6-213 | 86-225

Mumber 410 1257 1159 140 -1 154 317 154 127 4299
OFFICER WAC

Mean 135,833 | 134,226 131.933 | 139.668 | 133,553 | 139,563 | 133.846 | 131,500 | 132,812 |135.379

Mode 132,500 | 127.500 122,500 | 137,500 | 127,800 - - 142,500 - 132,500

Median 132,500 | 131.875 130,000 | 135,000 | 128,930 | 132,500 ]132.500 | 135.835 {131,665 |131,515
Sigma 123,119 | £15,572 £16.867 [ £19.919 |£20.329 | £31.257 |£16,500 |217.77%6 |£12.052 |£16.145

S.Be +3,485] 21,709 #1.382] 25,143 | £2.108| £9.424 | £3.300 £3.629 £3.112 £.,758

Range 94199 | 102-173 97-195| 119-190 | 105-196 | 109-234 | 101-168 98-167 | 113-153 | 94-234

Number 45 84 150 16 94 12 26 25 16 468
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TABLE 37 -~ 3

Statistical Values For Stature in 8259 Army Females According to Wine U.S. Regions
(White, Wative-Born)

Values in Centimeters
East East West West
New Middle North South North South South Total

Englend | Atlantic | Central | Central | Central | Central | Atlantic { Mountain | Pacific U.S.
NURSE
fean 162.240 | 161.859 | 162.416 | 163.542 | 162,928 | 163,026 | 163,062 | 163,287 | 165,039 | 163.385
Mode 162,500 | 163.500 | 165.500 | 166,500 | 161.500 | 164.500 | 163,500 | 165.500 | 167,500 | 163.500
Median 162,283 | 161,790 | 162,312 | 163,575 | 162,840 | 163,300 | 163,154 | 163,751 | 166.125 | 162,754
Sigma £6.094 | 16,076 +5.907 | £5.905| 25.942| £5.044 ] £6.147 %6.540 +6.115 | 16.104
SoEop & 375 1,233 $,169 $.546 1,205 +.,674 2,512 &,661 t.777 %,103
Range 140-179 | 138-184 145-180 | 149-181 | 143-179 | 150--175 | 145-176 | 147-179 | 152-178 | 138-184
Number 265 679 1281 118 842 57 144 9y 63 3488

ENLISTED WAC
Mean 161,104 | 161,458 | 161.866 | 162.943 | 162,770 | 163.474 | 162,661 | 162,657 | 162,895 | 162,641
Mode 159,500 | 163,500 | 160.500 | 159,500 | 161.500 | 161.500 | 163,500 | 163,500 | 160,500 | 159.500
Median 161.362 | 161,508 | 161,591 | 163.111 | 162.820 | 163,222 | 163.089 | 162,944 | 163.301 | 162,184
Sigma £6.088 | +6,252 26,199 | $5.689 | £6.126{ 16,211 45,911 t6.381 16,639 | £56.246
S.EBopy $.302 +.176 t,182 1,483 *.254 %,502 %333 %,518 %*,587 *,095
Range 145-176 | 140-188 | 145-188 | 150-175 | 146-179 | 147-178 | 145-188 | 146-180 [ 146-177 | 140-188
Number 407 1260 1159 140 681 154 3.7 153 129 4300
OFFICER WAC

Mean 163,546 | 163,726 | 163,653 | 167.000 | 163,914 | 163,500 | 165,346 | 165,700 | 166,250 | 164,841
Mode 158.500 | 162,000 | 163,500 - 170.500 | 162.500 | 167,500 - - 162.500
fedian 162,625 163,334 | 163,250 | 167,000 | 165.000 | 162.333 | 166,000 | 165,500 | 164.000 | 162,763
Sigma +$6.481 | £5.632 46,294 25,049 ] 2#5.868| £5.538 | £5.134 26,823 £7.067 | £6,181
S.Eep 11.000 *.,518 +.516 | £1,304 £,609] £1.670| %1,027 +1.393 »1.825 % .291
Range 145-175 1 152-177 | 143-184 | 156=177 | 147-174 | 156-173 | 157-176 | 146-178 | 155-180 | 143-184
Numter 43 84 150G 16 94 12 26 25 i6 466

38. Randall, Francis E., Ella H. Munro and Robert M. White.

Foot (U.S. Army White Male).

Anthropometry of the

Report Yo. 172, Environmental Protection Division,

Quartermaster Research and Development Center, Natick, Massachusetts, Januery 1951.

"This study provides data on the interrelationships of dimensions of the U.S.
Army white male foot for use by designers of Army lasts and footwear.

"Data obtained during an anthropometric survey of the feet of 5575 Army white
men are avallable in a report published in 19&6 by the Armored Medical Research
Laboratory, Fort Knox, Kentucky (Freeman, Arthur, Everett C. Huntingdon, George C.

Davis, Richard B. Magee, Valgene M. Milstead, and Charles M. Kirkpatrick.
inal report contalns many useful data,

Dimensions of Soldiers.).

Al though the orig

Foot

The interpretations thereof do not permit direct application by designers of lasts

end shoes for the Army.

In order to provide greater detall and also more directly

applicable information, an intensive analysis of the original Fort Knox data has
been carried out.

"The present practice of sizing and fitting shoes on the basis of Foot Length
and Ball Breadth Horizontal is not the best method avallable from a statistical

point of view.
dimensions,
interrelationships with other critical dimensions of the foot.
provided in the form of tables and a nomograph
ships in the construction of lasts and shoes.

are highly correlated with Ball CGirth and four with Ball Length.

A better method would be the use of Ball Length and Ball Clrth
which most accurately control the fit of the shoe because of closer

Reference data are

have s medlum correlation with Ball Girth and nine with Ball Length.

sions show a low correlation with Ball Girth and ten with Ball Length.
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for application of these relation-
Of the 2% dimensions studied, five
Eleven dimensions
Seven dimen-

Of those
dimensions showing low correlations with either of the two baslc dimensions, the




Dorsal and Plantar Arch Heights, Foot Flare, and the Angular Orientation of the
Heads of Metatarsa.s, probably present the greatest problems in accommodation.

Only Dorsal Arch Helght may be partially provided for by adjustment in the 1indi-
vidual shoe. Of those dimensions highly correlated with Ball Length, all must be
provided for without recourse to adjustment, but Ankle Girth, Lower Leg Girth, and
Instep Girth, all highly correlated with Ball Cirth, may be accommodated by adjust-
ment in the shoe.

"The general conclusion reached is that the dimensions of the foot which are
closely related to the two basic dimensions, Ball Length and Ball Girth, are easily
accommodated, whereas those poorly related cannot be accommodated by adjustment and,
therefore, must be provided for In the design of the shoe. Dimensions which proba-
bly are critical In the proper fit of shoes, and which show low correlations with
Ball Length and Ball Girth, namely, the Dorsal and Plantar Arch Heights, Foot Flare,
and Angular Orientation of the Heads of Metatarsals, may be expected to occur with
almost as much varlation for any one size as they occur in all feet. Thus, in
order to obtain shoes which will fit properly, it will be necessary to construct
them In such a manner as to provide for a considerable amount of Independent varia-
tion in moat of the dimensions studied."

The report includes three tables, two figures and two bibliographic references.

, The brief descriptions of the methods of measurement, the two tables and one
figure are included with this annotation.

See also: Munro, Ella H. Preparation of Anthropometric Nomogrgphs. Environmental
Protection Division, Report No. 18l, Quartermaster ReSearch and Development Com-
mand, Natick, Massachusetts, PFebruary 1952.

TABLE 38 -1

Comparlson of Foot Dimensions of Large and Small Series

Entire Series Series of 146 1

Dimensions Mean 1 Mean 2 2

Ball Girth 9.91 A6 9.82 -— -
Ball Length 759 «37 7 .16 -—- -
Angle Line I - J 86.32°  2.90° 86.01° 2,37° 1.22
Ankle Girth 13.53 62 1&.38 «39 1.59
Ankle Length u3 026 ! -35 017 1. 3
Ball Breadth Diagonal L.08 «20 .02 .07 2.86
Ball Breadth Horizontal 2.86 .20 z,82 .09 2,22
Ball Height 1055 .0 1-53 o07 1029
Breadth of Three Forward Toes 2.7 .1 2.75 .16 l.12
Dorsal Arch Height Ne! .21 3.07 19 1l.11
Fifth Toe Length .25 i1 .13 26 1.58
Foot Flare 2L .37% 6.23% 3 .38% 6.06% 1.03
Foot Length 10.37 L7 10.22 .18 2.61
Heel Breadth 2.75 .15 2.@1 .11 1.36
Height of Great Toe Tip .90 .09 .89 «10 .Eo
Instep Breadth 2,016 .23 z.1 .16 1.4
Instep Girth 10.17 Jib 10.06 .26 1.73
Lower Leg Girth 8069 051 8056 037 103
Outside Ball Height 1.00 .08 1.00 07 1.14
Outside Ball Length 6.28 .37 £.18 27 1.37
Outside Ball Length Diagonal 6.77 .35 6.68 .20 1.73

Plantar Arch Height 1.12 :20 1.1 .1 1.1
Toe Helght 1.08 .10 1.07 .0 1.25
Toe Length 2.78 .20 2.76 .16 1.25

Note: Means and standard deviations are in inches, except as otherwlise designated.
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Correlations of Dimensions of the Foot
"r" with Ball

Yp" with Yp¥ with Girth and

Dimensions Ball Girth Ball Length Ball Length
Angle Line I - J -.06l .338 .gh?
Ankle Girth 122
Ankle Length » .652 32
Ball Breadth Diagonal . 905 E 8 g
Ball Breadth Horlzontal 8%
Ball Helight 52 .255
Breadth of Three Forward Toes 481 297 E
Dorsal Arch Height .ﬁgh 47
Fifth Toe Length 1 721 729
Foot Flare .0l1 -.180 ,2hg
Foot TLength .578 . 901 «90
Heel Breadth +59 25 +608
Helght of Great Toe Tip .25 172 .258
Instep Breadth .655 «55% <697
Instep Girth .805 <551 817
Lower Leg Girth 705 522 <72
Outside Bail Height 16 2226 .
Outsids Ball Length <36l 66 .66%
Outside Ball Length Diagonal JAih9 .73§ ST37
Plantar Arch Height .100 -.11 225
Toe Height 29 26l 421
Toe Length . 363 <309 .387

Appendix 238 - 1
Methods of Measurement

Brief descriptions of the foot measurements discussed in this report are glven
below for reference. The original Fort Knox report contains more detailed descrip-
tions of the measurements, as well as photographs illustrating the methods of mea-
surement. It will be noted that many of the measurements were obtained from photo-
graphs of the soles of test subjects! feet which were taken during the Fort Knox
survey. These dimensions are 1llustrated in the figure, Bottom Profile of "Average"
Foot. These same measurements may be taken directly on the feet with calipers.

Angular Orientation of Heads of Metatarsals (also called Angle Line I - J) - The
angle between the lines formed by Outside Ball Length Diagonal and Ball Breadth
Diagonal dimensions. Measured from a photograph of the sole.

Ankle Girth - Girth around the heel and dorsal junction of the foot and leg. Tape
measgurement .

Ankle Length - Length between the top of the heel, 65 millimeters (2.6 inches)
above the floor, and the dorsal junction of the foot and leg. Caliper measure-
ment .

l

Ball Breadth Diagonal - Breadth between the inside and outside balls of the foot,
taken diagonally. Measured from a photograph of the sole.

Ball Breadth Horizontal - Sum of the distances from the Foot Length axis to the in-
side and outslide balls of the foot. Measured from a photograph of the sole.

Ball Girth - Girth of the foot taken over the inside and outside balls of the foot.
Tape measurement.

Ball Height - Height from the floor to the highest point over the inside ball of the
foot. Caliper measurement.
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Ball Length - Length from the heel to the inside ball of the foot taken parallel to
the Foot Length axis. Measured from a photograph 6f the sole.

Breadth of Three Forward Toes = Maximum breadth from the outer edge of the great toe
to the outer edge of the third toe. Measured from a photograph of the sole.

Dorsal Arch Height - Height from the floor to the dorsal surface of the foot where
1t joins the leg. Callper measurement.

wifth Toe Length - Length from the heel to the tip of the fifth toe taken parallel
to the Foot Length axis. Measured from a photograph of the sble.

ot Flare -« The ratio of the distancé between the Foot Length axls and the inside
ball to Ball Breadth Horizontal, expressed as a percentage.

Foot Length - Length from the back of the heel to the tip of the lohgest toe. Meas-
ured from a photograph of the sole.

Heel Breadth - Breadth of the heel, taken L}5 millimeters (1.8 inches) forward of the
back of the heel. Measured from a photograph of the snle.

Height of CGreat Toe Tip ~ Height from the floor to the hipghest point nn the tip of
the great toe. Caliper measurement.

Instep Breadth =~ Breadth of the instep, taken in the plane of the junection of the
foot snd leg to lnclude a portlon of the Sole which curves upward In the hollow
of the arch. Measured from a photograph of the sole.

Instep Girth - Glrth of the iInstep, taken in the vertical plane passing through the
junctlion of the foot and leg. Tape measurement.

Lower Leg Cirth - Girth of the leg, taken 125 millimeters (4.9 inches) adove the
floor. Tape measurement.

Outside Ball Helzht - Height from the floor to the highest point over the outside
ball of the foot. Callper measurement.

Outside Ball Lerigth - Lengt’ “nm the heel to the outside ball of the foot, taken
parallel to the Foot Length axls. Measured from a photograph of the sole.

OQutside Ball Lengsth Diagonal - Length from the heel to the outside ball of the foot,
taken Glagonally. Measured from a photopgraph of the sole.

Plantar Arch Heipht - Helght from the floor to the point of merger of the curvature
of the arch with the vertical aspect of the Inner surface of the foot, taken in
the vertical plane passing throuszh the junétion of the foot and leg. Caliper
measurement.

Toe Helght - Height from floor to highest point on the great toe. Caliper
measurement .

Toe Length - Length from inside ball of the foot to the tip of the longest tos,
taken parallel to the Foot Length axis. Measured from a photograph of the sole.
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FIGURE 28 -1

Bottom Profile of "Average" Foot

39. Shanklin, William M. Anthropometry of Transjordan Bedouln with a Discussion of

Thelr Raclal Affinities. Amerlcan Journal of Physical Anthropology, New Serles,

Volume L, No. 3, September 1946, pages 323-375.

This study reports the results of fifteen measurements, fifteen indlces and nu-
merous observations on 60 to 7O members of two Bedouin tribes, the Beni Sakhr and the
Howeitat. The definitions of measurements and indlces have been published in another
of the author's works {(Shanklin, William M. Anthropometry of Syrian Males,) and are
not reported in the present article. The article also discusses certain racial prob-
lems of these peoples. Two tables of measurement data en the subject groups are in-
cluded in the annotatilon.

The article's 52 pages include l} tables, |} plates and 1l bibliographic refer-
ences.
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APPLICATIONS OF ANTHROPOMETRY

4o. Anonymous. Increase in Stature of American Men. Statistical Bulletin, Metro-
politan Life Insurance Company, volume 25, No. 11, November 19L);, pages 1 and 2.

This article discusses a government study (VY of original study unspecified in the
present article) determining the stature of American men. "Stature shows distinct
slgns of increase 1n the present generatlion. The average height of men in the ages
20 to 29 examined at induction statinns for the armed service in May 1943 was 68.15
inches (without shoes). This figure 1s about two thirds of an inch more than the
average of 67.149 inches for the first million draftees of ages 21 to 30 examined at
mobilization camps in the last World War, in 1917. The figure cited for 1943 is
based upon an analysis of data recently published by the Office of the Surgeon
General of the Army, and 1s adjusted to allow for the omission of cases Inducted into
the Navy, for which figures are not avallable.

"Not only has the average height increased over this period, but as one would
naturally expect, the proportion of tall men among the 1943 selectees was also
greater than among those of the last war. In the age group 20 to 30 years, the pro-
portion of men 5 feet 10 inches or over among the recent selectees was 27.5 percent,
as against 22.l; percent reported for the men in 1917. The proportions of six-footers
were 3.8 and 6.5 percent respectively. 1In other words, the proportion of six-footers
among young men 1s about one third greater at present than it was & quarter of a
century ago.

YAn inspection of the facts for men of different ages at the induction examina-
tions for the present war also clearly shows this trend, inasmuch as the older men
were born at an earllier perlod. The average helghts, according to age, are as
follows:

Under 20 JEATS ssseveossssscsesssssssseaess 68.02 inches
20"2!.'. © 6 05 0600000 00000 BPEPOIIDLILISOEOEESLITLES 68.1 1nches
2529 teesescessscessssnscsssssssssesss hB.1l inches
Z0-3ll teenisersserscscnsssssacssessessss 57.83 inches
25 and OVETr sesevsecsccsscssasssssessss 67.50 inches

"It will be noted that the older men are of somewhat lesser stature than the
younger, and there is a sustained gradual 1lncrease from the older to the younger
men, except as regards the youngest group, for whom growth 1s evidently not quite
complete. Bven so, the selectees 35 years old and over (almost all of whom are 35
to 38) today are a little taller than the average at ages 21 to 30 in the first World
War, who were born about 15 years earlier. It 1s also noteworthy that the average
atature of those 18 and 19 years o0ld today 1s actually a 1little greater than that of

those over 30.

YIn the separate age zgroups also, the increasing frequency of taller men shows
itself. At ages 20 to 2l there weve 28.1 percent 5 feet 10 inches or over. This
ratio declined gradually with age, and at ages 35 and over a little over a fifth
{20.3 percent), were 5 feet 10 inches or over. Six-footers comprised 9.1 percent of
the men between 20 and 2l as compared with only 5.8 percent of those 35 or over.
Even at ages under 20, the proportion of tall men was slightly greater than at ages
%20 to 3l and appreciably greater than among those over 35.

"Supplementing this information from the records of examlnations of selectees are
some interesting studies of the heights of school children. Por example, comparative
series of observations among elementary school children in Toronto show that the
typical elementary school boy or girl of six in 1939 was actually two inches taller
than the child of the same age in 1892. At 9 years of age this difference was about
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three inches, and at fourteen about 3 1/2 inches for boys, and a 1little over two
inches for glrls. Thus the typlcal six-year old child in 1939 was actually a shade
taller than the typical seven-year o0ld in 1892, and the typical thirteen-year old in
1939 was about an inch taller than the tvpical fourteen-year old in 1892. In part,
these differences may represent accelerated growth and early approach to full stat-
ure, the ultimate difference, in adult life, being somewhat less than that found at
the rapidly growing ages.

"There can be no question but that these very favorable findings with regard to
Increase In stature reflect the improvement in general health and nutritional con-
ditions over recent decades. The alarm which has been voiced by some over the high
rejection rates in our Army, quite overlooks the fact that standards of rejection are
to some extent arbltrary and subject to adjustment according to conditions and the
Judgment of those directing the formation of the armed forces."

The article is two pages long, the data generally being incorporated into the
text. The report includes one unnumbered table, but no figures. One bibliographie
reference 1s made to "data recently published by the office of the Surgeon Ceneral
of the Army."

L41. Anonymous. Is the Average Height of American Women Increasing? Statistical
Bulletin, Metropolitan Life Insurance Company, August 1938, pages % and L.

This article discusses a number of studies reporting data on the height of
American women. (The N's of the original studies are not specified in the present
article.) "There is a common impression that the typlcal American woman has been
growing taller. Actually, evidence 1s somewhat conflicting. Figures from life in-
surance material show such a change In a very limited degree at most. A recent study
of women accepted for 'standard' insurance between 1922 and 1934 in the Metro-

olitan Life Insurance Company shows that the average height (with shoes) was 5 feet
1/l inches in middle adult 1ife when full growth has been attalned. This flgure

1s identical wlth that of two earlier Life insurance studies based on the material

of several companies, the first covering the years 1R85-1908 (largely, however,

1900-1908) and the second covering the period 1909-1927.

"The recent study of women insured in the Metropolitan further showed that the
average helght increased, as age advanced, to a maximum in the age group L5 to L9.
These results, too, argue agalnst an increase 1n average height in recent years,
because otherwise the averages would decline with age (that is, with receding date
of birth), at least after age 20, by which time women have certainly reached their
full stature.

"A different picture is presented by data from several other sources, which sug-
gest an incresse in height. One of the best of these studies was that made by
Bowles comparing the heights of college graduates of a generation ago with those of
their offspring who attended the same college. H1ls analysis of data of four women's
colleges--Vassar, Wellesley, Smith, and Mount Holyoke--showed an increase from 161.6
cm. for mothers to 16L4.5 em. for daughters, an increase of slightly less than 3 cm.,
or 1 1/8 inches.

"Other data from college sources, based on the average heights of women at en-
trance, also show significant Increases. At Stanford University the average increase
over a period of 30 years was 1.2 inches; at Vassar, 1 1/2 inches in 37 years; and
at Smith, about 1/2 inch in 22 years. Similar in character are figures for Barnard
women at graduation. The 1935 graduating class averaged slightly over one-half inch
taller than the class of 1925.

"Unfortunately there are no good general data for this country, based on broad
samples of the population over long periods of time, aside from the insurance data
already quoted. Reference should be made, however, to the work of Boas, who showed
that the native-born descendants of immigrants tended to be taller than their parents
and to conform to the body measurements of the natives of the country to which the
parents had lmmigrated.
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"On the surface tne data from insurance and other sources appear to be contra-
dictory. But this contradiction may be only apparent. In the first place, the data
showing an increase in average height are based on selected, homogeneous samples of
the population. The insurance materlal is, on the other hand, a broad and increas-
Ingly lerge sample of the general population, more especially of the urban popula-
tion, which is a heterogeneous and changing mixture.

"The average heights of the different race stocks which make up the population
vary materially. They are generally higher for western European stocks than for
gouthern and eastern European stocks. Moreover, there has been a definite change in
the proportlon of the various race stocks composing our population. Fifty years ago
the populatlion contalned an overwhelming proportion of persons of western European
siocks. With the large immigration of the pre-War period, especially from 1880-191l,
from southern and eastern Europe, and with the high birth rates which prevailed among
these Immigrants, persons of southern and eastern European origin have formed an in-
creasingly large proportlion of our population. With no other factor operating, the
Increasing proportion of persons of these shorter stocks in our population would tend
to bring about a decrease in the average height. The fact that there has been 1it-
tle, if any, change over a period of years, as shown by the insurance figures, may
be an indicatlon that the new generation of southern and eastern Buropean origin are
taller than their parents. On this supposition, while the averages for both groups
have advanced, the Increased proportion of the shorter race stocks in the total popu-
lation has nullified an increase in the combined averages. Possibly in the insurance
data the increased proportion of these shorter groups 1s particularly accentuated."

The artiecle concludes that, all consldered, the average height of women 1s prob-
ably Jncreasing, but that average height is unlikely ever to exceed that of "certain
favorably situated groups today, such as college women."

The artlcle is two pages long. There are no tsbles or figures, the data being
incorporated into the text. There are several allusions to other studies but no

speciflic references.

42. Anonymous. The Stature of American Women. Statistical Bulletin, Metropolitan
Life Insurance Company, March 192, pages 9 and 10.

The article discusses some of the findings of a government study (N of original
study unspecifled in the present article) determining the stature of American women.
"The recent Government study (0'Brien R., & Shelton, W.C. Women's Measurements for
Garment and Pattern Construction.) made in 1939-1340, gives the average height of
Amerlcan women as 5 feet, 3 1/6 inches. This relatively low figure creates a false
Impression in that the measurements were made in stockling feet, whereas the commonly
quoted average i1s based on measurements in shoes. If allowance is made for this,
the comparable average for this new study would be 5 feet, 5 inches, since 2 inches
1s a falr allowance for the height of heels of.women's shoes. Apart from that, this
new study shows a marked variation in heizht with age. Thus, girls of 18 and 19
averaged 63% §/h inches in helght (without shoes) and those between 20 and 2l not much
less. Moreover, in several important respects, the sample of 10,000 women used 1n
this study was blased, and the net result was to yleld a set of averages which, as
regards height at least, are too low. For example, this sample contained a dispro-
portionate number of such groups of women as those from clties, the Eastern seaboard,
and low-income families, and, as the detailed analysis showed, the average height of
such women 13 distinctly low, as compared with the general population.

"What i1s most important, however, 1s the fact that despite its deficlencles the
study confirms others, including one made by the Metropolitan Life Insurance Company
a few years ago, in showing that American girls today are as a class distinctly tal~-
ler than their mothers. For example, the averages at the ages between 18 and 25
were about one full inch greater than the averages between L15 and 55. Furthermore,
the average helght of all the women in the new study was greater, age for age, than
the average heights of women accepted for insurance in the Ordinary Department of
the Metropolitan during the years 1922 to 193l,, These increases in average helghts
are the more remarkable since women of the shorter European stocks have come to form

an increasing proportion of our female population."
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The artlcle ascoribes the increass in women's height to an improvement in nutri-
tlon in the childhood of that generation.

The article is one page long. There are no tahles or figures, the data being
Incorporated into the text. There is one bibliographical reference.

L43. Best, William R. and W.J. Kuhl. Estimation of Active Protoplasmic Mass by
Physical and Roentgenological Anthropometry. Report No. 11l;, Medical Wuc.ftion
Laboratory, 9937 TSU-SGO, United States Army, Chicago 9, Illinois, 5 September 195%.

Purpose: "To develop simple and rellable methods for the measurement of actilve
protoplasmic mass in man."

Subjects: Measurements were made on healthy young men (N = 22) who were offilcers
or enlisted soldler personnel of the Army Medical Wutrition Laboratory. Ages ranged
from 21 to 39.

Methods:

Physical measurements were usually taken in the morning. These included height,
welght, anterior superior 1liac spine height, span, acromin-olecranon length, chest
girth, various 1limb girths, and a series of skinfold measurements.

"Roentgenograms of the right brachium were taken on 14" x 17" chest films using
standard chest technique. Subjicts were positioned with thelr backs to the fllm and
thelr arms abducted approximately 309 from the vertical. Forearms were supinated,
and the lateral chest wall was included in the exposure. A lead strip graduated in
cm, and In 2 mm intervals 1n the mid-portion was fixed to the casset holder approxi-
mately 1 1/2" from it. This rule appeared on the roentgenograms, and, by being lo-
cated at about the same distance from the film as the humerus, corrected for diver-
gent distortion. All measurements were made in relation to the image of the lead
rule. A longitudinal line was drawn from the trochlear groove to the furthest ex-
tent of the head of the humerus. The humerus length was taken as the distance be-
tween these two points. Perpendicular lines were drawn 2/5 and 2/3 of the distance
from the trochlea to the head. The muscle width and skin and subcutaneous thick-
nesses were measured along the former perpendicular, and the bone width along the
latter. These two sites were chosen after perusal of all films because they most
consistently reflected what appeared to be about average dimensions of the particular
components, and because they In no cases Intersected with other confusing shadows
such as those occurring at the junction of the biceps and deltoild mascle shadows.

"Basal oxygen consumption was determined with clinical-type bellows machines
(Sanborn) in a closed circuit. Soda lime was used to absorb the carbon dioxide. At
least two determinations were made on each man before breakfast in a quiet alr-con-
ditioned room after at least a half hour of rest.

"Urinary creatinine excretion was determined on three successive days for each
man. Collections were for a four-hour period from 0630 to 1030 each morning, the
exact times of void-discard and void-collect being noted in each instance. Volumes
and concentratlons were measured to derive the twenty-four hour excretion rate. The
method of Peters was used for the analysis of creatinine."

Conclusions:

(1) "Oxygen consumption appears superior to urinary creatinine excretion for
the metabolic estimation of active protoplasmic mass.

(2) "Lean body mass appears superior to body weight, surface area, and various
other anthropometric estimates of active protoplasmic masgs.

(3) "Several methods for the anthropometric estimation of active protoplasmic
mass are developed; these warrant further study.
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(4) "The use of basal oxygen consumption for the standardization of other
anthropometric estimates of active protoplasmic mass is feasible and to be
recommended."

This report 1s 18 pages long and contains two tables, five flgures, 12 formulas
and a bibliography of 18 references. Data included with annotation.

BRACHIAL CIRCUMFERENCE DOUBLE SKIN THICKNESS

APPROXIMATE BRACHIAL MUSCLE MASS WITHOUT TENSION WITH TENSION
(ABMM)

ABMM =1 (M2-B2)L

|——————BRACHIAL LENGTH PROPORTIONAL TO SPAN = |

(B)sone raDIUS S
LEAN BRACHIAL INDEX = (G - 4.7F)" .o
FIGURE L3 - 1 FIGURE ;3 - 2
Approximate.Brachlal Muscle Mass Lean Brachlal Index

TABLE L3 - 1

Anthropometric and Metabolic Data on Twenty-two Healthy Men

Iliac Surface Chost [ypaom [.,,

« | Brach, jAntebrach,] Calf [Elbow|[Wrist{Knee
::‘ Initial| Age|Hioisht{Weight ;311:;1». Span|area |girthlotrtn fesrcum, | circum. | circun. |width|width{width
cA. ®g ca. cm. | 85q. A ca. ca. o, ca. cm, jecm. ca. cm.
1 § W, Be.] 30 |170.8 | 74.0 100.5 |176.3]1.86 }87.0 | 87.5 30.5 26.5 36.0 |70 S4 ) 9.5
2 } D, Do.} 24 ]189.2 | 98.1 | 107.5 |193.5]|2.28 |96.5 | 9,5 | 33.0 3.0 .2 7.7 1 6.1 100
3 | K. Br.f 24 [18).7 ] 76.5 | 106.5 }195.0] 2.00 {87.9 | 18.0 | 27.2 27.0 38.0 |72 | 6.2 9.7
- 4 | L.Ca.| 22 {171.0 ] 72.4 | 105.0 {184,.0] 1.8, ]89.5 | &1.5 | 30.2 28.4 9.0 J65 | 561 9.6
5 | T Cu.] 24 {172.0 | 63.0 | 1010 [179.5]1.74 | 78.7 | 76.1 | 25.5 2.7 35.2 [€3 §ae]| 93
6 | W.De.|] 23 §163.2 ] 65.6 96.0 {171.0]1.70 |85.8 | 77.5 27.5 2%.6 3.5 6.5 5.0 9.5
7 | L. De.} 23 |168.3 | 56.0 97.5 J175.5)1.62 | 77.8 ] 70.9 | 25.5 25.5 34.5 16,3 | 6.0) 9.6
8 | r. De.| 29 |270.3 | 76.6 96.5 |175.5)1.88 |96.2 | 85.8 | 28.4 28,1 36.9 6.5 | 5.5 9.1
9 | D. Do.| 23 }185.5 | 85.0 | 114.0 |186.5{2.10 |92.5 | 90.8 | 30.1 29.0 38.2 |7.1 | 5.8| 9.4
10 | J. Dr.} 25 |164.5 | 68.8 96.5 ]172.0§1.75 ]88.6 ] 9.5 ] 28.8 27.5 35.0 16,0 | 5.21 10.0
1§ J. raf 22 1177.8 | 98, | 103.0 [181.5]2.18 por.o | 96.8 | 33.6 30.5 411 }7.0 | 6.0} 9.8
12 | . Ga.} 24 |178.5] 66.0 | 109.0 }188.0]1.82 |85.5 | 74.1 | 25.8 25,2 35.2 7.1 § 5.7) 9.8
13 | M. Gr. 33 |180.4 | 63.6 | 105.0 |186.0} 1.80 | 86.4 | 75.5 | 24.2 26.4 3.5 163 | 561 9.5
U | T.Hu| 281158.8 | 63.8 92.5 |161.5] 1.65 |87.5 { 80.4 | 28.0 25.0 35.0 6.5 | s5.7] 9.0
15 | J. 1a.} 26 J177.2 | 70.0 | 105.5 |186.0]1 1.86 |86.3 | 77.5 | 25.7 26,2 35.5 16.7 ] 5.71 9.5
16 | R. Po.| 36 |166.5 | 68.5 90.0 |167.0] 1.76 | 90.5 | 78.5 | 25.5 26.4 36.0 6.2 | 5.51 9.6
17 | J. Re.] 39 |177.8 | 67.8 98.5 | 179.0] 1.8, |84.2 | 70.8 | 27.0 25.2 37.0 |6.2 | 5.6] 9.3
18 | F. Sa.] 22 §188.7 | 3.7 | 109.0 |185.0] 2.22 {91.8 | &,.5 | 29.6 28.4 36.4 }7.1 | 6.0] 9.6
19 | J. sa.] 22 [173.4 | 61.3 | 102.0 |181.0}1.73 | 79.5 | 76.6 | 2.3 2.5 3.5 (6.2 | 5.8] 9.5
20 | R. Ta.| 37 {269.0 | 56.9 95.0 |177.0] 1.64 | 80.4 | 73.0 | 25.5 2.8 31.7 (6.4 | 5.0 9.2
21 | p.We 32]173.5 | 63.7 | 101.5 |182.0] 1.76 | 85.9 | 80.5 | 27.4 26.4 .7 |60 ] 5.11 8.6
22 | w. ka.] 29 fa74.8] 87.0 | 105.0 |177.5] 2.12 {93.3 | 92.8 | 32.4 29.2 39.2 6.8 | 5.6 9.8
Mean ©J27.1]174.22] 72.14 | 101.68] 180.1] 1.870 | €7.85) 81.10] 27.99] 26.93 36.39 [6.62 | 5.59] 9.47
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TABLE 43 - 1 (Continued)

4 hr, creatinine ex-

I-Ray Qxygen _nrnkian__ima*igh_lz‘l_.
Man | yumerus | Humerus | Medial | Lateral [ Muscle| A.B.M.M.| Lean consump~
No. | length| width | skin |arm skin| width Brach. tion 1st | 2nd | 3rd |Mean
cm. ca. cm. cm. cm, mass cc./min.
1 32,3 2,0 0.4 1.3 7.5 1306 1403 219 1591 { 1424 1174 | 1396
2 36.4 2.7 0.45 1.3 8.8 2010 2216 304 1657 | 2318 § 2340 | 2105
3 35.3 2.8 0.15 0.2 8.5 1788 2005 263 2210 | 1824 | 2670 | 2235
4 31.% 2.5 0.4 0.85 7.9 1370 1526 243 1712 | 1824, | 1800 | 1779
5 30.6 2.1 0.3 0.85 6.7 974 1080 200 1593 | 1500 {2031 | 1708
6 30.0 2.3 0.25 0.6 7.9 1350 1469 229 1950 | 2047 | 2090 | 2029
7 30.5 2.3 0.15 0.2 7.6 1260 1385 208 1520 { 1405 {1457 | 1461
8 31.4 2.3 0.45 0.55 7.3 1185 1315 248 1943 | 1998 | 1844 | 1928
9 36.2 2.6 0.45 0.65 7.9 1583 1773 257 2163 | 2058 | 2036 | 2086
10 30.0 2.7 0.3 0.65 8.3 LUsk9 1602 236 1583 | 1808 | 1274 | 1555
11 32.1 2.6 0.9 1.05 8.4 1615 1780 300 2024 | 2445 | 1746 | 2078
12 35.1 2.3 0.2 0.35 7.9 1580 1719 232 17651 465 |1704 | 1311
13 33.9 2,2 0.2 0.3 7.1 1220 1343 222 1723 [ 1732 | 1567 | 1671
X, 27.1 2.3 0.55 0.55 7.4 1055 1166 212 1797 | 1686 | 1440 | 1641
15 33.1 2.3 0.25 0.35 7.6 1371 1503 230 1838 | 1832 [ 1957 | 1876
16 28.4 2.5 0.35 0.65 7.1 993 1125 220 1477 | 1398 11250 | 1375
17 31.8 2.0 0.35 0.8 7.7 1385 1482 215 547 272 271 1 413
543 1 42
18 34.6 2.4 0.25 0.65 8.4 1768 1916 280 3240 } 2195 | 2150 | 2528
19 32.6 2.2 0.3 0.7 6.5 959 1083 178 1473 | 1419 |1677 {1523
20 32.4 2.3 0.45 0.55 7.2 1187 1320 212 1367 } 1600 {1174 | 1380
21 31.6 2.0 0.4 0.95 8.0 1493 1587 161 855 | 1314 {1395 { 1188
22 33.6 2.5 0.7 1.1 8.1 1553 1711 233 1759 | 2280 }1920 | 1986
Mean| 32.30 2.36 [ 0.37 0.69 7.72 1385.5 | 1574.3 232.1 - | — T -- [1896.s
Van Ankle { Abdom. Chest Back Thigh Dorsal [ Lateral Medial 4 gz:; Lean
width ski info 3kl Arm Arm Arm . .
No. idt skinfold { skinfold{sKinfold ; sk nfold skinfold | skinfold | skinfold B;:{ Mass ?rrl'g:;
e, cm. cm cm, cm. cm, cm, cm. kg.
1l 6.6 1.8 1.5 1.8 1.2 1.3 1.7 0.9 12,0 | 64.9 | 1.048
2 8.2 1.5 1,2 1.65 1.3 1.1 1.4 0.55 160 {88.3 | 1.499
3 7.7 0.6 0.45 0.73 0.7 0.4 C.4 0.3 3.0 | The2 | 1,250
4 7.0 0.9 0.5 1.0 1.2 0.9 1.3 0.3 6.0 | 68.1 | 1.241
5 £,0 1.2 0.55 0.75 0.65 0.75 1.0 0.2 6.0 |:9.2 | 0.867
6 6.5 1.15 0.8 1.1 1.3 0.65 0.6 0.5 6.5 | 61.3 | 1.021
7 7.5 0.4 0.35 0.5 0.4 0.35 0.35 0.2 2.5 |s4.6 1 0.999
8 7.0 1.3 1.3 1.5 1.1 0.7 1.2 0.4 8.5 |70.n 1 1.107
9 7.0 1.5 1.5 1.2 1.25 0.9 1.35 0.5 10.0 | 76.5 | 1.248
10 6.6 1.0 0.7 0.9 0.75 0.55 0.7 0.2 5.5 j 65 3 | 1.182
11 8.0 2.7 1.35 2.1 1.5 1.6 1.6 0.6 13.5 | 85.1 | 1.234
12 6.7 0.55 0.35 0.8 0.65 0.5 0.4 0.25 3.5 ]63.7 | 1.034
12 7.8 0.35 0.35 0.55 0.35 0.35 0.35 0.25 2.5 | 61.9 | 0.947
1, 6.7 1.15 1.2 1.2 0.85 0.85 1.3 0.25 8.5 | 58.4 | 0.930
15 7.1 1.05 0.45 0.8 0.6 0.6 0.45 0.2 5.0 | 66.5 | 0.974
16 7.2 1.8 1.3 1.25 0.5 0.8 0.8 0.25 9.0 | 62.3 | 0.789
17 7.4 0.8 0.25 0.8 0.7 0.8 0.8 0.2 4,5 | 64L.6 | 0,967
18 8.0 0.85 0.4 1.15 0.9 0.9 1.05 0.25 6.0 | 78.6 ] 1.191
19 é.5 1.0 0.8 1.0 1.3 0.9 1.05 0.35 7.0 | 57.0 | 0.729
20 6.7 0.8 0.5 0.9 0.6 0.5 0.5 0.2 4.0 | 54.6 | 0.949
21 6.7 1.25 0.9 0.85 1.2 0.95 0.95 0.25 8.0 | 58.7 | 0.958
22 8.2 1.85 1.0 1.95 1.1 1.4 - 0.75 10.5 | 77.7 | 1.183
Mean | 7.1 1.16 0.80 1.1 0.91 0.81 0.92 0.36 6.911 66.84] 1.061

WALC TR 56-30

83




TABLE L3 - 2

Correlations and Regressions Between Anthropometric and Metabollc
Estimates of Active Protoplasmic Mass in Twenty-two Healthy Men

Metabolic Estimate (Y)

Oxygen Consumption (cc's/min.)

95% Prediction Equations
Anth tri
Estimate (1) e | e |l [ Tzaenx X x 8p% b)Y
of r ay b ay b,
Lean Body Mass (kg.)
By akiufolds .885 |<,001 § .739 | .952 16.9 3.22 10.4 0.2
By height/girth ratio 863 |<.001 | .693 | 942 27.8 3.04 10.4 0.24
Body Weight (kg.) .838 |<.001 | .643 | .931 55.4 2.45 5.6 0.29
Height (cm.) 543 | <.01 157 | 785 | -178.1 2.35 5.1 0.13
SurflCO Am (‘q.m.) .8016 <-m1 0579 0916 - 35-2 1142.9 0.82 0-w‘.5
Lean Brachial Index 824, |<.001 ] .618 | .925 46.3 0.0016| 7700. 423.9
Lean Brachial Mass
{cu.ca.) 37 | <.001 ) .457 | .88, 103.9 0.084 25.0 6.44
Approximate Brachial
Muscle Mass (cu.ca.) 708 [<.001 | 408 | .870 109.5 0.09 7n.3 5.66
Creatinine Excretion
(ng./2 hr.) 668 |<.001] .328] .852 | 143.2 0.053 | -267.3 8.35
Metabelic Estimate (Y) Creatinine Fxcretion (mg./24 hr.)
% Prediction Equations
Anthropometric Confidence A
Estinate (X) T P Limits of | Y = a3¢bak X = sy enY
r 3 b3 3, b
Lean Body Mass (kg.)

By skinfolds ,610 | <.01 .253 | .821 ~199.0 28,36 L4 .6 0.013
By height/girth ratio .560 | <.01 186 | 7197 1.6 25,22 46.0 0.012
Body Weight (kg.) S ] <01 .200 | .802 151.0 21.42 46.1 0.015
Height (cm.) 358 | >.05 | -.085] .678 | -1755.9 19.81 163.2 0.0065

Surface Area (sq.m.) 5911 «<.01 2251 .810 | - 8L4.8 ] 1342.5 1.43 0.00026
Lean Brachial Index k9| <.o1 | .66 788 ] 251 0.0136} 68,650. | 22.10
Lean Brachial Mass 3791 > .05 | -.052] .690 854, 0.554 1081. 0.259

cu.cm,
Approximate Brachial
Muscle Mass (cu.cm.) 437 .03 017 .725 730.8 0.697 921.8 G.273
Creatinine Excretion
(mg./2 hr.) - - - - - - - -
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FIGURE L3 - 3

Relatlion of Lean Body Mass to Basal Oxygen
Consumption and to Urinary Creatinine Excretion

Lhli. Bradley, H. Foot Measurement: For Mass Production of Footwear. Paper pre-
gented at the Commonwealth Conferernce on Development, Deslgn and Inspectlion of
Clothing and General Stores, 2nd, London (no date).

This paper glves a genersal overview of the progress that has been made in the
past two decades in determining the "sizings" and "fittings" of shoes to be stand-
ardized for mass production. Short discussions are gilven of the work of such geo-
graphically dispersed organizations as the Boot Trade Research Associatlion and the
British Boot and Shoe Research Association (Great Britain), the Armored Medical
Research Laboratory and the Bureau of Home Economics (U.S.A.), The Leather Indus-
tries Research Institute (South Africa), the Central Research Institute for Industry

(Russia), and the Shoe Research Organization (Sweden).

"The more dccurate determination of correlation between foot length and girth
.. has led in practice to important advances in the gradation of lasts from size to
size." There is an increased recognition throughout the world of the "importance of
mass measurement towards the rational construction of lasts."

¥.,..Tt should be admitted that, although a shoe that 1s the wrong size 1n some
respect is bound to be uncomfortable, a knowledge of the dimenslons of a foot is not
by itself sufficient to ensure a properly fitting shoe. The craftsman's skill must
be invoked to make good use of the measurements. In the making of his last he is
able to take into account such other factors as the type of shoe, the materials of
which it 18 to be made, and the use to which it is to be put. To illustrate this
point we have only to consider the obvious difference between the lasts for a fleld

service boot and a city shoe for the same person."
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Regarding the problem of providing a limited (but adequate) variety of lasts for
a population, "no one so far has successfully controverted the traditional practice of
grading lasts according to 'sizes' (length) and 'fittings' (joint girth)." Improve-
ment in the application of the detalls of the method are possible, however. For
example, "the conventional size interval of 1/3 of an inch should be reconsidered.
It may be too large whilst the half-size interval is uneconomlcally too small."

The paper 1s flve pages long. There are no tables, figures, or data. "A con-
ference such as this is evidently much more concerned with princlples and pollcy than
with technical details."

5. Brues, Alice M. Regional Differences in the Physical Characteristics of an
American Population. Amerlican Journal of Physical Anthropology, New Series, Volume
I;, No. I}, December 1946, pages L6%-481,

"The study includes 3075 white enlisted men measured by the Chemical Warfare

- 8ervice, representing all sections of the United States. Stature and eight head and
face measurements have been correlated wlth state of birth and national extraction.
Cephalic index, head length and breadth, and nose breadth, afford the clearest dif-
ferentiation both for nationality of origin and for place of birth within the Unhited
States. Regional differences are less marked than those associated with national
extraction, but are statistically considerable. Residence in the United States ap-
pears to have effected an increase of stature, at least in the shorter European
stocks, with a corresponding slizht decrease in cephalic index: certainty on this
point is prevented by ignorance of selective factors in immigration. Differences in
national extraction between different aress of the United States are found to be con-
siderable, reflecting the historical sequence of migrations. The physical differ-
ences of the various regions appear to be primarily determined by the distribution
of the various European stocks which settled them. Traces of the aboriginal popula-
tion are indicated in only one area."

The ten tables, included in the 18 pages of this article, present the age dis-
tribution, regional designatlons and representatlveness of the serles, twenty-five
measurements, a classification of national extractions and certain data in terms of
birthplace and national extraction. Three bibliographic references are noted. Three
tables are presented hereln.

TABLE L45 - 1
Age Distributlon

AGE (YEARS) PER CENT AGH (YRARS) PER CENT
16—-17 d 28-29 7.5
18-19 16.7 30-31 6.7
20-21 15.6 32-33 _ 6.8
22-23 12.5 34-35 5.8
24-25 12.2 36-37 4.9
26-27 9.1 38 and over 2.2
WADC TR 56-30 86




WADC TR 56-3%0

TABLE L5 -

3

Reglonal Representatliveness of the Serles

PER CENT

PER CENT
TOTAL POPULATION,

OF SERIES)
New England 5.6 7.7
Middle Atlantic 23.5 22.8
East North Central 15.8 22.1
West North Central 8.5 12.9
South Atlantic 20.9 10.2
East South Central 17.5 6.7
West South Central 49 8.6
Mountain 1.8 34
Pacifie 1.5 5.6
Foreign-born 2.9
(per cent of total)
TABLE L}5 - L4

Chemical Warfare Service Series, Total

STANDARD

COEFFICIENT

MEASUREMENT MBAN DEVIATION VARLBBF"JTY RANGE
mm. mm. mm.

Head length (1)* 195.03 6.92 3.55 165-218
Head breadth (3) 152.84 5.62 3.68 134-175
Bitragion (5) 141.49 5.56 3.93 121-168
Minimum frontal (4) 109.82 4.83 4.40 91-129
Bizygomatic (6) 139.83 5.34 3.82 122-159
Bigonial (8) 104.73 5.59 5.34 86-127
Tragion-nasal root 122.00 4.50 3.69 106-139
Tragion-subnasale 126.58 4.97 3.93 107-148
Tragion-supramentale 132.63 5.35 4.03 112-151
Tragion-anterior chin

projection 144.14 5.93 4.11 119-165
Crinion-menton (17) 185.45 9.28 5.00 152-231
Crinion-nasion (24) 63.23 7.72 12.21 35-94
Nasion-menton (18) 123.78 6.71 5.42 101-151
Nasion-subnasale (21) 54.51 3.83 7.01 41-70
Nasion-pronasale (23) 51.31 4.07 7.93 38-69
Nasion-mouth slit (19) 76.68 4.49 5.86 60-101
Bimalar (7a) 109.56 6.48 5.91 86-133
Biocular (10) 91.46 4.16 4.55 70-108
Interpupillary (12) 62.83 3.84 6.11 47-79
Interocular (9) 31.84 2.66 8.35 20-43
Nose breadth (13) 35.10 2.73 7.78 21-56
Mouth breadth (14) 50.08 3.34 6.67 3663
Ear implantation (32) 49.97 4.07 8.14 38-87
Ear length (29) 63.90 3.98 6.22 49-78
Head circumference (45a) 566.24 15.54 2.76 504-617
Number of cases 3075

! Numbers in parentheses refer to standard measurement deseriptions as given

by Martir. (’28).
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L46. Bullen, Adelaide K. (Harvard University). Vocational Incidence of Seven Body
Types in 547 U.S. Army Women. Office of the Quartermaster General, Research and
Levelopment Branch, Military Planning Division, Contract Wh—109-qm-1078, May 1948.

Purpose: "To determine whether there are distinct constitutional types of women
who engage in particular tvpes of military activities and whether there are any de-
sirable selection procedures which might be utilized in the future for the benefit
of the Armed Services."

Subjects: WAC and Nurse volunteers (N = 547) from six Army General Hospitals
constituted the sample. The breakdown by race is as follows:
Whites, Y = 518
Negroids, N = 27
Mongoloids, N = 2
Ages range from 20 to 56 years; 857 of the women are 35 years old or younger. In
the total sample, 897 are single.

Procedure: The anthropometric techniques used wers those of Randall. In all,
28 measurements were taken on each subject.

"Seven ma jor types of body build have been distinguished in this series of women
by grouping individuals of similar, although not identical, bodily characters. for
the purpose of the present study, the categories and descriptive terms listed in
Table 46 - 1 will be used. These categories are based on Sheldon's criteria, as
these have been modified by Bullen and Hardy, and Hooton and Seltzer.

TABLE }6 - 1
Descriptive Terms for Seven Major Types of Body Build found in Army Women

Equivalent
Lescriptive Term Body Type Brlef Description of Types
(Used for convenience) Categories

AT ENTO SO0+T, ROUND pronounced. Amounts of other
trends: varying, usually low.

MUSCULAR MESO BIG-BONED, MJSCULAR pronounced. Amounts of
other trends: varying, moderate or low.

THIN ECTO DELICATE, LINEAR pronounced. Amounts of
other trends: varying, asually low.

MUSCULAK-#AT MESO -ENTO S0RT, ROUNT predominant; BIG-BONED, MUSCU-
LAR secondary. Amounts of other trends:
usually low.

HMUSCULAR-THIN MESO-ECTO DELICATE, LINEAR predominant; BIG-BONED,
MUSCULAKR secondary. Amounts of other
trends: usually low.

PLUMP -LELI CATE ENLO -ECTO LELICATE, LINEAR predominant; SO:i"T, ROUND
secondary. Amounts of other trends: vir-

tually lacking.
OR

CELICATE, LINEAR and SOFT, ROUND in about
equal moderate amounts. Amounts of other
trends: virtually lacking.

MODERATE MIXTURE MODERATE Approximate balance of components. Nelther
MIXTUKE SOFT, ROUND; BIG-BONED, MUSCULAR; nor DELI-
CATE, LINEAR extreme or uniformly prominent.
Amounts of trends: no trend in more than
moderate amount.
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Women in various occupations were individually classified into one of these seven
categories of body build. Some sociological background data were also collected from
each subject.

#indings:

A. "There appear to be some dlstinct constitutional types of women who tend to
engage in particular types of military activities according to the ... seven
major types of body build distinguished in this study... ."

B. "Most occupatlonal or other categories, although having MODERATE MIXTURES
and THIN women as the leading types, show other distinct differences in trend
when compared with each other. (As to sizing tariffs, i1t is important to
realize that MODERATE MIXTURES, who show no extreme tendency in body build,
tend to be below average in size.)

C. "Weans of the seven body types vary for the 38 measurements and reflect the
direction of the obdervational criteria for the seven body types.

D. "The seven body types show some differences in tendencles to disproportilon,
lumbar curve shape and placement of hip fat.

E. "foot size and proportion tends to vary with hody type. FAT women (relative-
1y common in the Nurse group) tend to have comparatively small, plump feet
which carry a heavy body weilght."

The report is 122 pages long including one figure and éh tables. There is no
bibliography. The main data of the report are presented herein.

TABLE L6 - 2

Somatotype Distribution

WAC WAC
o | oo | e |y | g
Yo, < Fo. p ¥o. £ No.  §

Endo 3 3.2 31 4.0 43 16,0 77 1kl
Maso-Endo 2 34 % 16,3 23 8.6 61 1.2
Meso 7 12,3 15 6.8 b 6,0 38 7.0
Meso-Ecto 6 10.3 L, 6.3 9 3.4 29 5.3
Ecto 16 27.6 49 22,2 58 21,6 123 22,5
Endo-Ecto 2 3.4 8 3.6 n 4e5 22 4.0
Moderate 22 37.9 68 30,8 107 39.9 197 2.0
Mixture
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TABLE }6 - 3

Army Women Compared with College Men and
Women as to Incidence of Major Trend in Body Builld:

College Men | College Men | Women Students™* College | Army Women

Samatotype (Sheldon) (Dupertuis) (Sheldon) Women

4000 1000 2500 175 547
Endo 13 13 25 17 25
Meso 26 26 15 13 7
Ecto 22 22 27 28 29
Moderate
Mixture 39 39 33 L2 39

* Bullen, Analysis of College Women, Fig. 2, page 50, ** Approximate estimates from silhouettes.
TABLE L6 - L
Age Distribution

Types WAC Offioer VAC Enlisted Nurse Total Group

35 and Over 35 and Over 35 amd Over 35 anit Over
Under 35 Total Upder 35 Total Under 35 Total Under 35 Total
(47) (1) (58) (188) (33) (221) (231) (37) (268) (466) (81) (547)

Mo $ iR S (B $|N % (No % N ¢ [Fo % |Fo S [Bo % N0 % |Wo % Mo

Endo 3 6.4/ O 0.0] 3 5.2|/26 13.8| 515.2|31 14.0|35716.0( 6 16.2| 43 16.0] 66 14.2 |11 15.6| 77 14.1

Meso-Endo| 2 4.3 O 0,0] 2 3,428 14.9| 8 24.2) 36 16.3 /19 8.2 | 4 10.8] 23 8.6 49 10.5 |12 14.8( 61 11.2
MWeso b 12.8f 1 9.1} 71212.1110 5.3) 515.2{15 6.8{15 6.5| 1 2.7|16 5.9| 3 6.7] 7 8.6/ 38 7.0
Mego-Roto| 4 8.5] 218.2] 610.3/12 6.4 2 6.1j14 6.3] 6 2.6} 3 8.1| 9 3.4|22 4.7 7 8.3;29 5.3
Eato 15 31.9] 1 9.1/1627.6/4624.5| 3 9.1|4922.2|5021.6| 821.6] 58 21.6 111 23.8 | 12 14.8]123 22.5
Endo-Boto] 1 2,1| 1 e.1] 2 3.4] 7 3.7] 1 3.0 8 8.6 7 3.0| 5135|212 5|15 3.2| 7 8622 4.0

Moderate
Mixture 16 34.0] & 54.5] 20 37,9 59 31.4| 9 27.3| 68 30,897 42.0 |10 27.0|107 39.9 172 36.9 | 25 30.9(197 36 0

TABLE }j6 - 5

Body Types of Women by Racial Grouvo and For Four Natlonal Extractions

Baoial Groups Satiomal Extrections
Total (17
Types Moagoloid | Negroid | Waite o Amsricsa | British | Russien | Balto-Ugrio-Slav

@) @) | s19) || (se7) || (e2) | (30) | as) )
Endo (50.0) 6.8 1.9 16.1 12.9 10.0 %6.8 8.0
Meso-Rado 0.0 .1 1L 2 n.2 12,1 16,7 2.1 4.0
Meso 0.0 14.8 6.6 1.0 5.9 6,7 10.5 4.0
Meso-Reto 0.0 0.0 5.6 5.3 5.5 10.0 0.0 12.0
Boto (50.0) 37.0 2l 6 225 24.3 13.3 0.0 20.0
Eodo-Reto 0.0 0.0 4.2 4.0 5.1 6.7 0.0 4.0
Noderate
Miztwre | 0.0 2.2 | 36.9 36.0 M.2 36.7 31.6 48.0
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TABLE L6 - 6

Distribution and Statistical Values for Weight in 547 Army Women

Moderate

Range Ecto | Endo-Ecto] Mixture | Meso-Ecto] Total Meso Endo Mego-Endo

1db, No. No. No. No. Ko, Yo, No. No.
90~ 94 1 - - 1 2 - - -
95= 9 10 - - - 10 - - -
100-104 13 1 6 1 21 - - -
105-109 15 - 6 1 23 1 - -
110-11, L 4 16 1 37 2 - -
115-119 19 1 22 2 4 2 1 -
120324 11 4 35 3 60 2 2 3
125-129 1 1 27 6 55 3 4 -
130-134 1 4 R 4 60 3 3 2
135-139 4 4 28 1 52 4 8 3
140=1/4 6 - 18 3 49 6 12 4
145-149 1 1 4 1 28 8 ] 7
150-154 - 1 2 2 26 2 1 8
155-159 1 - 1 - 19 3 8 6
160-16/, 2 1 - 3 23 2 6 9
165-169 - - - - 10 - 6 4
170-17/, - - - - 8 - 2 6
175-179 - - - - 2 - 1 1
180-184 - - - - 3 - 3 -
185-189 - - - - 8 - 4 4
190-194 - - - - 1 - - 1
195-199 - - - - - - - -
200-204 - - - - 1 - - 1
205-209 - - - - 1 - - 1
210-214 - - - - 1 - - 1
Moan 118.015] 128.135 | 126.820 131,655 | 132,980 ]138.445 [151.480 158.885
Mode 117,000 - 122,000 | 127,000 - 147.000 |142,000 { 162,000
Median 117.235} 130,000 | 127,500 | 129.585 1131.540 |141.665 |151.135 157.915
Sigma *14.415] 214,215 | 431,090 | £18.030 |+19,950 [414.090 [#16.525 | 419,185
S.Euy * 1,300] # 3,031 [+ 790 | & 3.348 |+ ,853 |+ 2.286 |+ 1.883 | & 2,456

TABLE L6 - 7

Comparison of Means for Army Photographic
Series of 547 and Army Anthropometric Series of 8500

Total Total Endo Hoso Eeto
8500 * 547
Stature
Mean 162.365 162,075 160,623 163.974 164.049
Sigma + 6,111 + 6,456 4 5.234 3 7.607 & 6,597
Breast Circumferencq
89.104 89,444 95.325 89.868 84.008
Sigma +7.683 27,015 25.383 24544 24,767
Chest. Circumference
Mean T7.507 77.097 81,532 77.947 TR.967
Sigma $6.229 +5.910 #4.752 #2.791 $4.150
Waist Circumference
Mean 67.321 69.344 74,974 70.316 64,780
Sigma #6.596 $6.335 24,20 23.649 4,066

Hip Circumference
Mean 95.188 96.968 104,604 98.500 9N.37%
Sigma 6,745 16.848 X 5.712 45.305 +5.066

* Tentative Pilot Means sent us by Dr. Francis Randall, Climatic Research

Laboratory, subject to possible revision.
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TABLE 46 - 8

Body Type Distribution of Means for Measurements Grouped by Body Reglons

Moderate
Ecto Endo-Foto | Mixture Meso-Ecto Total Meso Endo Meso-Endo
GENERAL
Veight 118,015 | 128,135 | 126,820 131.655 | 132,980 | 138.445 | 151.480 | 158.885
, Height  (Index of
eIgh Linearity) 13,2 12.8 12,6 12.9 12.5 12.5 11.9 1.7
Stature 164,049 163,667 160,584 167,517 | 162,075 | 163.974 | 160.623 160,410
Cervicale Height 11,106 | 141,000 | 137,903 143,793 | 139.271 1 140,500 | 138.143 | 137.852
8itting Height 83,901 83.409 80.897 86,655 | 83.475 | 84.13R 82,592 83,033
Trunk Height 53.606 53,500 53.173 540724 | 53.411 ) 54.000 | 52,922 53.377
THORACIC TRUNK
Chest Breadth 28,309 29,091 29,000 29,655 | 29,506 | 29,974 | 30.520 32,066
Chest Depth 18.393 18,864 18,746 19,138 | 19.2091 29.737 | 20.065 21,082
Chest Circumference 72,967 T3 75.383 764793 § TT.097 | T7.947 | 81.532 85.787
Breast Ciroumference 84.008 88,318 87,665 88,000 | 89.444 | 89.868 | 95,325 99.557
ABDOMINAL TRUNK
Waist Circumference 64,780 69,318 67,076 68,552 | 694344 1 70,316 | 74.974 78541
Waist Height 105,195 | 104.909 | 102,117 106,517 | 103.461 | 104,184 } 102,896 102.590
Trunk Depth 18,57, 20,591 19,556 19.655 | 20,372 | 20,579 | 22,558 23,689
Bi-iliec 27,284 28,526 27.911 30,053 | 28,751 ] 29,000 | 30.479 31.511
Hip Height 83,748 83.045 80,782 84,690 | 81.949] 83,18, | 80.753 81.082
Buttock-Knee 56,780 £8.091 56.133 57.793 57,126 { 57.526 58.610 584,230
ARMS, SHOULDERS, HANDS
Blacramial %.354 | 35.545 | 35.719 37072 | 36.291| 37.289 | 36.312 | 37.607
Acromion Height 134,984 | 135.682 | 131.726 137.655 { 133.119 { 134.053 | 131.844 | 131.803
Arm Length 71.894 70,545 69.5(R TRT93 | 704355) T1.290 | 69.237 69,590
Shoulder-Elbow 34,252 33.727 33.310 34.862 334750 | 344368 | 33.453 33.623
Forearm-Hand Length 43.431 43.045 42,563 44138 | A2.974 1 43.7137| 4281 42.951
Upper Arm Circumference 238,340 | 254.500 ; 257,205 247,345 1 261,190 | 265.025] 286.935 | 288,270
Forearm Circumference 218.910 | 222,000 | 229.400 226.655 1 231.440 | 236,475 | 242,265 | 252.665
Upper Arm Circumference 238.340 | 254.500 | 257,205 247.345 1261.190 | 265.025] 286,935 | 288.270
Bideltold 39.447 |  39.500 | 39.919 £1.203 | 40.490 | 41.3950 41369 | 43.082
VWrist Circumference 17,303 | U7.045 | 149.564 151.586 | 150.804 | 154.342) 152.921 | 158.033
Hand Breadth 76 0439 75.864 76462 78.621 | 77.124 | 78.789] TY.221 79,230
Hand Length 175,512 173,682 172.589 179.434 | 173.956 | 176.237| 171.935 | 173.869
IEGS AND FEET
Buttook-Knes 56,780 58,001 | 56.133 57793 | 57.326 | s7.526| sg.610 | s8.230
Patella Helght 18.528 | g6 | 47.215 493719 | 4168 | 18316 7o | 47as2s
Foot Length 242 66/, 238.954 | 240.256 247,052 1242,19 | 246.552| 241,928 | 244.008
Foot Breadth 90.098 88.364 90,162 9R.345 | 91.376 | 94.026] 93,208 9L.644,
Heel Bresdth 59.813 59 409 50 5777 61.241 | 60.673 | 62.132] 62.117 | 62.75,
Ball Circumferance 213.300 209 955 214.025 220,105 [216.900 | 224.235] 221.080 | 224.540
HEAD, FACE; NECK
Head Relght 124.%1 | 125.091 | 123.306 125.552 | 125.077 | 127.82| 126,104 | 125.738
Head Length 185,203 | 186.122 | 185.431 187.103 | 186.027 | 187.216| 186.039 | 187.984
Head Breadth 244,065 | 144,591 | 145.574 146,069 1145.684 | 146.605| 146,704 | 147.623
Head Circumference 549.765 550.635 552.975 558.965 | 554.710 | 561.735| 556,610 | 562.985
Neok Circumference 31.373 R.045 32.005 32.428 | 32,342 33.132| 33,065 34.230
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L47. Churchill, Edmund and Gilbert S. Daniels. Nomographs of Head Measurements.
Wright Alr Development Center Technlcal Report 53-1L, Wright-Patterson Alr Forece
Base, Ohio, May 1953 (ASTIA Wo. AD-167,48).

"To achieve the optimum design of equipment intended to fit the wearer's head
closely, a knowledge of the interrelationships between the more important head di-
mensions 1s necessary. This report provides such information in the form of two
nomographa for determining the most accurate estimate for each of twelve head dimen-
sions based oa known values of head length and head bYreadth, and head breadth and
head ¢ircumfevence."

The two nomographs and gelected additional data from the report have been re-
produced and are irncluded in this annotation.

UA statistical summary of the dimensions included In the nomograph is given in
Table L7 - 1."

TABLE L7 - 1
Means and Standard Deviatisns of Head Dimensions
Mean Standard Deviation
Head Breadth 6.07 in. .20 in.
Head Length 7.76 in. .25 in.
Head Circumference 22.47 1n. .62 1in.
Sagittal Arc 15.07 in. .61 1in.
Coronal Arc 1%.8% in. .51 in.
Bitragion-Minimum Frontal Arc 12.05 in. JLhoin.
Bitragion-Crinion Arc 13:10 in. +53% 1in.
Posterior Arc . 10.71 in. ’ A8 1n.
Bitragion-Tnion Arc 11.62 in. +55 1in.
Auricular Helght 511 in. +%0 1in.
Bitragion Diameter 5.60 1n. .21 1in.
Wall to Trazion .03 1n. «30 in.
Minimum Frontal Arc 5.4b in. L0 in.
Minimum Frontal Diameter L.35 in. .19 1in.

WADC TR 56-3%0 93




WADC TR

The dimensions included in the nomograph are descrlbed as follows:

56-30

HEAD LENGTH
The maximum length of the head

msasured from glabells to the occipital
region in the mid-saggital plane of the

head with the spreading caliper.

HEAD BREADTH

The maximum breadth of the head
moasured with the spreading caliper
perpendicular to the mid-saggital plane
of the head.

SIGURE 47 - 1

The Dimensions
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HEAD CIRCUMFERENCE

The maximum circumference of the
head measured with the tape passing
over the brow ridges and held perpend-
icular to the mid-sagittal plane, but
not necessarily horizontally.

W
i g

n
/

CORONAL ARC

The arc measured from right to left

tragion over the top of the skull with
the tape in a vertical plane. The sub-
ject sits looking straight ahead (the
head in the Frankfort plane).

SAGITTAL ARC

The arc measured with the tape in
the mid-sagittal plane of the head, from
glabella to the lowest point on the base
of the skull that can be felt by a firm
touch amid the nuchal musculature. This
may be at inion or below.

FIGURE 47 - 2
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BITRAGION DIAMETER

The diameter between right and
left tragion measured with the 1light con-
tact hand holding the spreading caliper
in a horizontal plane.

MINIMUM FRONTAL DIAMETER

The minimum diameter meadured with
the spreading caliper across the temporal
crests at their point of greatest indenta-
tion. Care must be taken that the measure-
ment is made on the crests and not over
the temporal muscles.

MINIMUM-FRONTAL ARC

The arc measured across the fore-
head, above the brow ridges, with the
tape passing across the crests of the
temporal muscles at their points of
greatest indentation toward the mid-
sagittal plane of the head.

FIGURE L7 - 3
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WALL TO TRAGION

With the back of the head pressed
against the wall (head oriented in the
Frankfort plane)., The horizontal dis-
tance measured from the wall to the
right tragion with the anthropometer.

HEAD HEIGHT

rd

/l////f//////j////

Tt The vertical distance measured
0,3 from tragion to the highest point of

the skull with the anthropometer.

BITRAGION-CRINION ARG Tl

NI/ R

The arc measured from right to left
tragion with the tape passing over the
mid-point of the hairline. If there is
any appearance of balding in the subject,
this measurement is omitted.

FIGURE 47 - L
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BITRAGION~INION ARC

The arc from right to left tragion
measured with the tape passing over
inion.

/4?22%2222\‘
///////////;// -
/

BITRAGION-MINIMUM FRONTAL ARG
The arc measured from right to left

tragion with the tape over the region of
the minimum frontal arec.

POSTERIOR ARC

The arc measured from right to
left tragion with the tape passing over
the lowest point of the skull where the
nuchal musculature attaches.

FIGURE L7 - 5
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L48. Coakley, John D., Joseph T. Fucigna, and Joseph E. Barmack (Dunlap and Assnci-
ates, Inc.). A Functional Application of Anthropometric Data to the Design of the

Workspace of PPI” Scope Operators. WADC Technical Report 53-3, U.S.A.F., Wright Air
Development Center, Wright-Pattevson Air Force Base, Ohio, January 195%. (Armed
Services Tethnical Information Agency No. AD-616L.)

"The dimensions and layout of PPI consoles now in profuction are based on the
needs of operators having average body dimensions. The use of average results in
equipment unsulitable both for operators who are larger than average and for those
smaller than averageé. Two needs assumed to be basic to the operations of a PPI
scope operator are the need to see the GCI plotting board and the need to feel com-
fortable while operating the scope for long periods of time. With these needs as a
basic consideration, compromise dimensions should be chosen to acconmmodate approxi-
mately the middle 95.5% of the military population. These principles are applied
to the design of a PPI conisole and the operator's chair, and to the placement of the
PPI scopes in a GCI station." '

This report contains 15 pages and includes one table and three flgures. The

bibliography 1lists seven references. Two of the flgures are presented in the
annotation.
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_.l_’_‘—' SITTING HEIGHT
1 TIEYE LEVEL POINT THAT ELBOWS EYE LEVEL PLOTTING
C— CONSOLE WOULD TOUCH ~ CONSOLE BOARD —_|
3 G SEATED HEIGHT
E | T
(CNO UL
s — - Y o
= Py .
- ) SUCCESIVE N
FLOOR LEVELS
LOWEST
EDGE OF PLOTTING
b 4 . . R
1 (Y3 — )
SIDE VIEW OF RECOMMENDED REAR VIEW OF RECOMMENDED SEAT DESIGN CRITICAL ITEMS FOR COMPUTING DROP
SEAT DESIGN WITH RESPECT TO AND SPACING BE TWEEN CONSOLES. IN SUCCESSIVE FLOOR LEVELS FOR
THE P.PI. CONSOLE MAXIMUM VISIBILITY OF PLOTTING
BOARD BY ALL OPERATORS
Median or mean
vatue (in inches}
Reference of correaponding Design value
letter Equipment dinme neion anatomical dimension {uh incheas) A e m & ¢+ b 3
A Seat heaght s 198 Seat height should be adjueted 1o #2 3 inches [rom mean value. Adjusting wheel
should have wide diameter a0 that adyustments may be made from sealed posstion
» Seat depth 190 21 0 nasx Back reet shouid be adjustable sc that depth may be decresstd five thches
14 Seat width 5.0 21 0 max Four inches have been added to hap widih to allow for comfortable separation of
the lege
] Back rest height us 27 0 max This value may be reduced to 23 1hches betause the upper four inches of the back
do not require support
E Back rest width iso 20 0 max
¥ Elbow rest height 9.9 95 Variations aboul mean are nol cfitscal  Elbow reat should pivet in the rear to
permit the operator to enter and